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DESCRIPTION 



LAMINATED HOLOGRAPHIC MEDIUM, RECORDING 
APPARATUS/METHOD. REPRODUCTION APPARATUS/METHOD FOR 
THE SAME AND DESIGN METHOD OF LAMINATED HOLOGRAM 

MEDIUM 

TECHNICAL FIELD 

The present invention relates to a laminated holographic medium on 
which data can be recorded, a recording apparatus and method for it, a 
reproduction apparatus and method for it, and a design method of the 
laminated holographic medium. 

Priority is claimed on Japanese Patent Application No. 2003 «2396, 
filed December 10. 2003, the content of which ie incorporated herem by 
reference. 

Priority is claimed on Japanese Patent Application No. 2004110872, 
filed April 5, 2004, the content of which is incorporated herein by reference. 

Priority is claimed on Japanese Patent Application No. 2004-121721, 
filed April 16, 2004, the content of which is incorporated herein by reference. 

Priority is claimed on Japanese Patent Application No. 2004-262330, 
filed September 9. 2004, the content of which is incorporated herein by 

reference. ^ Mn _ 
Priority is claimed on Japanese Patent Application No. 2004-292429, 

filed October B, 2004, the content of which is incorporated herein by 
reference. 



BACKGROUND ART 

A medium and a reproduction apparatus for it using a laminated 
hologram ROM (Read Only Memory) in the prior art is explained below. 

Fig 43 is a figure showing a side face (cross section) of a medium 1 . 
and shows a structure made by laminating a core layer 2' and a cladding 
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layer 3' alternately in which a diffraction grating layer 4' is provided at a 
boundary between the core layer 2' and the cladding layer 3'. The diffractive 
grating layer 4' has, for example, a bumpy form (a form of alternate lands 
and grooves) and is recorded or stores information data. 

Fig. 44 is a figure showing a side face of a reproduction apparatus 5' 
which reproduces data on the medium 1*, and it is composed of an optical 
head 6* and a photodetector T. The optical head 6'has a function of emitting 
incident light 8* to the requested core layer 2' of the medium 1'. A 
reproducing method is described below. Upon emitting the incident light 8' 
to the core layer 2' that is selected or requested, of the medium 1' by the 
optical head 6', the fight is diffracted in accordance with the information data 
(holographic data) recorded or stored by the diffractive grating layer 4' and a 
reproduction light 9'goes out from a top surface of the medium 1'. 
By detecting this with the photodetector T. it is possible to reproduce the 
information data recorded or stored on the medium 1'. 

The medium 1 can be small and can have a large storage area, and 
the reproduction apparatus 5' can be small because it has a simple structure 
and construction- The laminated hologram ROM is expected to be small size 
memory for content distribution with a large capacity. Moreover, by 
applying the medium V above as an authentication (authorization, 
certification or guarantee) sheet, it is possible to make the authentication 
sheet small and having a large capacity, and the reproduction apparatus 5' 
can be small because it has a simple structure and construction (see 
Japanese Patent Application, First Publication No. 2002-19338). This 
technology is expected to be applied to a authentication sheet such as 
memory, keys, seals for guarantees, a sticker for packaging, tags, and the hke 
that record a specific identification number. 

On the other hand, in recent years, in order to protect the 
copyrighted contents from illegal copying, counterfeiting and the like, there is 
a need to append an identification (hereinafter, ID) to a medium of ROM type. 
In order to satisfy such a need, it is required to record different information 
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data on each medium, and moreover, to reproduce the information data with 
a reproduction apparatus if possible. 

However, in the prior art described above, the medium 1* is, for 
example, manufactured in accordance with a stamping technique using an 
original print, and therefore, it is appropriate to the manufacture of many 
mediums having the same information data, hut it is not suitable to the 
production of mediums having different information data because in this case 
productivity and cost do not go together favorably. 

Moreover, the medium V is a medium only for ROM, and therefore, 

it is impossible to write the information data after producing the medium. 

As explained above, in the prior art, there is a problem that it is impossible to 

record different information data onto each medium. 

Moreover, in the field of applying the authentication sheet above, by 

storing unique information data on each authentication sheet, it is made 

possible for each authentication sheet to be authenticated independently. 

therefore, and there is an advantage in that the application range and fields 

are expanded. 

However, the authentication sheet of the prior art above is produced 
in accordance with, for example, the stamping technique using the original 
print the eame as the ROM medium above, and therefore, it is appropriate to 
the production of the authentication sheets storing completely the same 

information data. 

On the other hand, it is not suitable to the production of 
authentication sheets having different information data because in this case 
productivity and cost do not go together favorably. Accordingly, in the prior 
art, there is a problem in that it is impossible to record different information 
data on each authentication sheet easily. 

The present invention is proposed in order to solve the problems 
above, and an objective thereof is to provide a laminated holographic medium 
to which data can be recorded, a recording apparatus and method, a 
reproduction apparatus/method, and a design method of the laminated 



holographic medium which enable the recording of information data such as 
an ID even after production of the medium, and which enables reproduction 
of the ID using a reproduction apparatus for a ROM medium. 

DISCLOSURE OF INVENTION 
A laminated holographic medium of the present invention includes: 
one or more first core layers! one or more diffraction grating layers for 
recording data provided upon, under or in the first core layer, formed with 
respect to a form or a refractive index distribution and from which a 
reproduction beam goes out; and one or more recording layers provided 
adjacent to the first core layer or the diffraction grating layer for recording 
data or provided while binding a gap layer between the recording layer it self 
and the core layer or the diffraction grating layer for recording data, and to 
which information data is recorded as a recording mark having transmittance 
or non-transmittance of a light indicating the information data in accordance 
with a presence of a hole or a degree of transmittance of the light. 

The laminated holographic medium of the present invention 
described above includes: wherein when the reproduction beam is 
transmitted through the recording layer, a presence of brightness/darkness 
and a position of light indicate the presence and a position of the recording 
mark by forming the diffraction grating layer for recording data. 

The laminated holographic medium of the present invention 
described above, wherein the diffraction grating layer for recording data 
includes a function of a hologram. 

The laminated holographic medium of the present invention 
described above, further including: a reflection layer provided at an opposite 
eide of the recording layer against the first core layer and the diffraction 
grating layer for recording data and which reflects the light transmitted 
through the recording layer. 
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The laminated holographic me^um of the present invention 
including: one or more first core layers;|and one or more diffraction grating 
layers for recording data provided uponj under or in the first core layer, 
formed with respect to a form or a refractive index distribution and from 
which a reproduction beam goes out, wherein in the diffraction grating layer 
for recording data, the information data is indicated by a presence of the 
outgoing reproduction beam in accordance with a recording mark that xs a 
shape, changes of a refractive index or I removal of the diffraction gratxng 

layers for recording data. 

The laminated holographic me hum of the present invention 

described above, further including: one a 



>r more second core layers provided 



on or under the first core layer; a claddLg layer provided between the first 
core layer and the second core layer; and a diffraction grating layer provided 
on, under or in the second core layer in Uhich the- information data is 
recorded as a shape or changes of a refractive index distribution. 

The laminated holographic medium of the present invention 



including: one or more recording layers 



in which information data is recorded 



as a recording mark having transmittance or nontransmittance of a light 
indicating information in accordance with a presence of a hole or a degree of 

transmittance of the light. 

The laminated holographic me iium of the present invention 
described above, further including: a diffraction grating layer for recording 
data formed with respect to a form or a 



refractive index distribution and 



which forms an image from the light transmitted via the recording layer on a 

predetermined position. 

The laminated holographic medium of the present invention 
described above, further including: one or more second core layers provided 
adjacent to the recording layer or binding the recording layer between the 
second core layers and a gap layer; and one or more diffraction grating layers 
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for recording data provided upon, under or in the second core layer, and to 
which the information data is recorded as a form or a refractive index 
distribution. 

A reproduction apparatus of the present invention reproduces 
information data recorded on the ahove described laminated holographic 
medium, including: an optical head radiates an incident light into the first 
core layer; and a photodetector detects a light transmitted through the 
recording layer. 

The reproduction apparatus described above, further including: a 
reflection portion reflecting the light transmitted through the recording layer, 
wherein the photodetector detects the Ught transmitted from the recording 
layer via the reflection layer. 

The reproduction apparatus reproduces information data recorded 
on the laminated holographic medium described above, including: an optical 
head radiates an incident light into the first core layer! and a photodetector 
detects a light transmitted through the recording layer. 

A reproduction apparatus reproduces information data recorded on 
the laminated holographic medium described above, includin: a light source 
radiates a light on the recording layer; and a photodetector detects a Ught 
transmitted through the recording layer. 

A reproduction apparatus reproduces information data recorded on a 
laminated holographic medium which includes: two or more cladding layers 
binding one or more first core layers; and one or more recording layers 
provided at a boundary between the first core layer and the cladding layer 
binding the first core layer or at a position apart from the first core layer and 
recorded the information data as a form or a refractive index distribution, 
including a Ught source emitting a light onto the recording layer; an image 
formation optical system reflecting and forming the light reflected by the 
recording layer; and a photodetector detecting the Ught formed by the image 



formation optical system. 

A reproduction method of the present invention for reproducing 
information data recorded on the laminated holographic medium described 
abobe, including steps of- radiating the incident light into the first core layer: 
detecting the reproduction beam outgoing from the diffraction grating layer 
for recording data via tbe recording layer: and reproducing the information 
data recorded on the recording layer in accordance with a 
brightness/darkness pattern corresponding to the presence of the recording 
mark in the recording layer. 

A reproduction method of the present invention for reproducing 
information data recorded on the laminated holographic medium described 
abobe, including Bteps of- radiating the incident light into the first core layer: 
detecting the reproduction beam outgoing from the diffraction grating layer 
for recording data: and reproducing the- information data recorded on the 
diffraction grating layer for recording data in accordance with a 
brightness/darkness pattern corresponding to the presence of the recording 

mark in the recording layer. 

A reproduction method of the present invention for reproducing 
information data recorded on the laminated holographic medium described 
above, including steps of- radiating the light into the recording layer; 
detecting the light via the recording layer! and reproducing the information 
data recorded on the recording layer in accordance with a 
brightness/darkness pattern corresponding to the presence of the recording 

mark in the recording layer. 

A reproduction method of the present invention for reproducing 
information data recorded on the laminated holographic medium described 
above, including steps of. radiating the light into the recording layer," 
detecting the light reflected by the recording layer; and reproducing the 
information data recorded on the recording layer in accordance with a 
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brightness/darkness pattern corresponding to the presence of the recording 
mark in the recording layer. 

A recording apparatus of the present invention for recording 
information data recorded to the laminated holographic medium described 
above, including at least: a beam radiation system radiating a beam to the 
recording layer and drawing or projecting the information data as a whole, or 
an electron beam radiation system radiating an electron beam onto the 
recording layer and drawing or projecting the information data as a whole. 

A recording method of the present invention for recording 
information data to the laminated holographic medium described above, 
including steps of- recording the information data as the recording mark 
having transmittance or non-transmittance of the light by using a light, heat, 
or a electron beam on the recording layer of the laminated holographic 
medium by drawingor. projecting the information -data as-a w-hole-using a 

beam or an electron beam. 

A recording method of the present invention for recording 
information data to the laminated holographic medium described above, 
including steps of. exposing the recording layer; recording the information 
data on the recording layer; and forming by adhering other layer 

independently produced. 

The reproduction apparatus or the present invention for reproducing 
information data recorded on a laminated holographic medium which 
includes: one or more first core layers! one or more diffraction grating layers 
for recording data provided upon, under or in the first core layer and at a 
predetermined position, formed with respect to a form or a refractive index 
distribution and from which a reproduction beam goes out; and one or more 
recording layers provided adjacent to the first core layer or the diffraction 
grating layer for recording data or provided while binding a gap layer 
between the recording layer it self and the core layer or the diffraction 



grating layer for recording data a. a predetermined position, and to winch 
information data is recorded as a recording mark having transmittance or 
n „n-transmi«ance of a light indrcating the information data in accordance 
with a presence of a hole or a degree of remittance of the light, include 
an optical head radiating the incident light into the first core layer open 
detecting attachment of the laminated holographic medium or turning on, 
and a photodetector detecting the light transmitted through the diffractton 
grating layer for recording data, wherein the information data recorded on 
the laminated holographic medium included in the reproduction beam ts 
detected by the photodetector ie obtained and decoded. 

A reproduction method of the present invention for reproduce 
information data recorded on the Uminated holographic medium de.cr.bed 
above, including steps of. radiating the incident light into the first core layer 
upon detecting attachment of the laminated holographic medium or turmng 
on; detecting the light transmitted through the diffraction grating layer for 
recording data: obtaining the information data recorded on the laminated 
holographic medium included in the reproduction beam: and decoding the 

reproduction beam. 

A laminated holographic medium of a laminated holographic 
memory system in the present invention, wherein the laminated holograph* 
memory system including: the laminated holographic medium includmg- a 
core layer to which an incident light cnm.s in: and . diffraction grating layer 
formed with respect to a form or a refractive index distribution and from 
which a reproduction beam goes out: and a reproduction apparatus includmg 
an aperture mask separating and reproducing recorded information, that ts 
multiplexed, by shading a portion of the reproduction beam, wheretn the 
reproduction apparatus radiates the incident light and detects the 
reproduction beam, and the laminated holographic medium includmg. a 
recording layer including a recording mark provided at a position where an 
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aperture gap of the aperture mask does not overlap, indicating information 
by comprising a presence of a hole in order to transmit or shade a light or by 
comprising a degree of transmitter of the reproduction beam, wherein a 
diffraction grating layer for recording data is formed to indicate the presence 
and a position of the recording mark on a recording layer by a presence of 
brightness/darkness and a position of light upon reproducing with the 

reproduction apparatus. 

A laminated holographic medium of a laminated holographic 
memory system in the present invention, wherein the laminated holographic 
memory system including: the laminated holographic medium including: a 
core layer to which an incident light comes in- and a diffraction grating layer 
formed with respect to a form or a refractive index distribution and from 
which a reproduction beam goes out; and a reproduction apparatus radiating 
the incident light-and detecting the reproduction-beam, W the laminated- 
holographic medium including: a recording layer including: a shading portion 
partly made from a colored material shading the reproduction beam! and a 
recording mark that expresses information by a presence of a hole for 
transmitting or shading the reproduction beam except for position of the 
Bhading portion, or by a degree of transmissivity of the reproduction beam; 
and a diffraction grating layer for recording data is formed to indicate the 
presence and a position of the recording mark on a recording layer by a 
presence of brightness/darkness and a portion of light upon reproducing 
with the reproduction apparatus. 

A laminated holographic medium of a laminated holographic 
memory system in the present invention, wherein the laminated holographic 
memory system including: the laminated holographic medium including: a 
core layer to which an incident light comes in: and a diffraction grating layer 
formed with respect to a form or a refractive index distribution and from 
which a reproduction beam goes out; and a reproduction apparatus radiating 
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the incident light and detecting the reproduction beam, and a recording layer 
including a recording mark provided at a position transformed based on a 
presence of brightness/darkness and a position of the reproduction beam on 
the reproduction apparatus determined beforehand and in accordance with a 
predetermined regulation, indicating information by including a presence of a 
hole in order to transmit or shade a light or by including a degree of 
transmittance of the reproduction beam, wherein a diffraction grating layer 
for recording data is formed to indicate the presence and a position of the 
recording mark on a recording layer by the presence of brightness/darkness 
and the position of the reproduction beam determined beforehand upon 
reproducing with the reproduction apparatus. 

The laminated holographic medium described above, wherein the 
predetermined regulation is a regulation of reversing the 

... brightness/darkness from the reproduction-beam, reversing a position 

upside-down, or right and left, reversing presence, or shifting the recording 
mark for a predetermined distance up, down, left or right. 

The laminated holographic medium described above, wherein the 
predetermined regulation is a regulation of arranging the presence and the 
position of the recording mark on the recording layer to have a relationship 
with a brightness/darkness and a position of the reproduction beam to be 
one-to-many, manyto-many, or many-to-one. 

A design method of producing a laminated holographic medium of a 
laminated holographic memory system in the present invention, wherein the 
laminated holographic memory system including: the laminated holographic 
medium including: a core layer to which an incident light comes in: and a 
diffraction grating layer formed with respect to a form or a refractive index 
distribution and from which a reproduction beam goes out; and a recording 
layer including a recording mark indicating information by including a 
presence of a hole in order to transmit or shade a light or by including a 
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degree of transmittal of the reproduction beam: and a reproduction 
apparatus including an aparture mask separating and reproducing recorded 
information, that is multiplexed, by shading a portion of the reproduction 
beam, wherein the reproduction apparatus radiates the incident Ught and 
detects the reproduction beam, and the design method of producing the 
Urinated holographic medium of the laminated holographic memory system 
including steps of providing the recording mark a. a position that does not 
overlap an aperture gap of the aperture mask; forming a diffraction grating 
la yer for recording data in order to indicate the presence and a position of the 
recording mark on a recording layer by a presence of brightness/darkness 
8 „d a position of Ugh, upon reproducing with the reproduction apparatus 

A design method of producing a laminated holographic medium of a 
laminated holographic memory system in the present invention, -heretn the 

... m including: the laminated holographic 
laminated holographicmemory system including cue 

.nedium including: a cor. layer to which an incident light comes in: a 

diffraction grating layer formed with respect to a form or a refractive mdex 

distribution and from which a reproduction beam goes out: and a recording 

layer including: a ahading portion partly made from a colored matenal 

shading the reproduction beam; and a recording mark that expresses 

information by a presence of a hole for transmitting or shading the 

reproduction beam excapt for position of the shading portion, or by a degree 

of transmisaivity of the reproduction beam, and a reproduction apparatus 

radiating the incident light and detecting the reproduction beam, and the 

design method of producing the laminated holographic medium of th. 

laminated holographic memory system including steps of providing the 

recording mark a, a position that does not overlap the ahading portion; and 

forming a diffraction grating layer for recording data in order to indicate the 

presence and a position of the recording mark on a recording layer by a 

presence of brightneae/darkneas and a position of light upon reproduce 
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with the reproduction apparatus. 

A design method of producing a laminated holographic medium of a 
laminated holographic memory system in the present invention, wherein the 
laminated holographic memory system including: the laminated holographic 
medium including: a core layer to which an incident light comes in: a 
diffraction grating layer formed with respect to a form or a refractive index 
distribution and from which a reproduction beam goes out," and a recording 
layer including a recording mark indicating information by including a 
presence of a hole in order to transmit or shade a light or by including a 
degree of transmittance of the reproduction beam, and a reproduction 
apparatus radiating the incident light and detecting the reproduction beam, 
and the design method of producing the laminated holographic medium of the 
laminated holographic memory system including steps of- providing the 
. recording mark at a position transformed based ona presence of- 
brightness/darkness and a position of the reproduction beam on the 
reproduction apparatus determined beforehand and in accordance with a 
predetermined regulation, forming a diffraction grating layer for recording 
data in order to indicate the presence and a position of the recording mark on 
a recording layer by the presence of brightness/darkness and the position of 
the reproduction beam determined beforehand upon reproducing with the 

reproduction apparatus. 

An authentication sheet of the present invention including: on e or 
more first core layers; one or more diffraction grating layers for recording 
data provided upon, under or in the first core layer, formed with respect to a 
form or a refractive index distribution and from which a reproduction beam 
goes out; and one or more recording layers provided adjacent to the first core 
layer or the diffraction grating layer for recording data or provided while 
binding a gap layer between the recording layer it self and the core layer or 
the diffraction grating layer for recording data, and to which information 
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data is recorded as a recording mark having transmittance or 
non-transmittance of a light indicating the information data in accordance 
with a presence of a hole or a degree of transmittance of the light. 

The authentication sheet described above, wherein when the 
reproduction beam is transmitted through the recording layer, a presence of 
brightness/darkness and a position of light indicate the presence and a 
position of the recording mark by forming the diffraction grating layer for 
recording data. 

A reproduction apparatus of the present invention for reproducing 
information data recorded on the laminated holographic medium described 
abobe, including: an optical head radiates an incident light into the first core 
layer; and a photodetector detects a light transmitted through the recording 
layer. 

A reproduction method for reproducing informationdata recorded on 
the authentication sheet described above, including steps of: radiating the 
incident light into the first core layer: detecting the reproduction beam 
outgoing from the diffraction grating layer for recording data via the 
recording layer: and reproducing the information data recorded on the 
recording layer in accordance with a brightness/darkness pattern 
corresponding to the presence of the recording mark in the recording layer. 

A recording apparatus for recording information data to the 
authentication sheet described above, including: a beam radiation system 
radiating a beam onto the recording layer and drawing or projecting the 
information data as a whole, or an electron beam radiation system radiating 
an electron beam onto the recording layer and drawing or projecting the 
information data as a whole. 

A recording method for recording information data to the 
authentication sheet described above using a recording apparatus including 
at least a beam radiation system or an electron radiation system, including 
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apparatus and the reproduction method of the present invention. 

Therefore, there are effects that it is possible to record and 
reproduce the information data specific to each authentication sheet, it ia 
possible to manage the authentication sheet and each of them the 
authentication sheet is adhered, and it is possible to use in various fields of 
application explained below. 

In accordance with the present invention, in the laminated 
holographic medium, the recording layer has a structure that a recording 
mark is provided at a position that does not shade a transmitting 
reproduction beam before it is accepted by the reproduction apparatus. 
Therefore, it is possible to detect the reproduction beam at the reproduction 
apparatus accurately, and it is possible to recognize information read from 
the reproduction beam accurately. 

In accordance with the present invention, in the laminated 
holographic medium, the recording layer has a structure of having the 
recording mark at a position that does not overlap an aperture gap of an 
aperture mask of the reproduction apparatus. Therefore, the transmitting 
reproduction beam is not shaded before it is accepted by the reproduction 
apparatus and it is possible to detect the reproduction beam at the 
reproduction apparatus accurately. Therefore, it is possible to recognize 
information read from the reproduction beam accurately. 

In accordance with the present invention, in the laminated 
holographic medium, the recording layer has a structure of providing a 
shading portion that is partly made from a colored material shading the 
reproduction beam and the recording mark that expresses information by 
presence of a hole for transmitting or shading the reproduction beam except 
for position of the shading portion, or by a difference of transmissivity of the 
reproduction beam. Therefore, the reproduction beam is not shaded by a 
display portion before it is accepted bay the reproduction apparatus and it is 
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steps of- recording the information data corresponding to a presence of the 
recording mark having transmittance or non-transmittance on the recording 
layer by drawing or projecting the information data as a whole using a beam 
or an electron beam from the beam radiation system or the electron radiation 
system. 

In accordance with the present invention, after or during producing 
the laminated holographic medium, it is possible to record information data 

easily. 

In accordance with the present invention, using the reproduction 
apparatus and the reproduction method, it is possible to reproduce the 
recorded information data easily. 

In accordance with the present invention, after writing the specific 
information data for each laminated holographic medium such as an 
identification number and the like onto the recording layer, the recording 
layer made from the diffraction grating layer in which the data of contents 
information is written at the upper portion is formed by adhering and the 
like, therefore, it is possible to write the information data onto the recording 
layer easily and it extends the degree of freedom for the material applied to 
the recording layer and processing. 

Therefore, it is possible to record the information data specific to the 
each medium, it is possible to manage each of medium, and it is effective to 
protect the copy right of the contents recorded or stored in the medium from 
illegal copying, counterfeiting and the like. 

In accordance with the present invention, upon producing the 
authentication sheet of the present invention, using the medium and the 
recording method of the present invention, it is possible to record the 
information data on the authentication above easily. Moreover, it is possible 
to reproduce the recorded information data easily by using the reproduction 
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possible for the reproduction apparatus to detect the reproduction beam 
accurately. Therefore, for example in a case that the laminated holographs 
m edium stores contents and the like and the shading portion is provxded on 
the display portion, that is. a design such as a title of the content is drawn, * 
i. possible to avoid limitations for the design because of it. and it is possxble 

to use it as a part of the design. 

In accordance with the present invention the laminated holographic 
m edium expresses information by presence of the hole that transmits or 
shades the reproduction beam, and has a structure of providing the recording 
layer having a recording mark set at a position transformed in accordance 
with a predetermined rule based on a predetermined presence and posxtxon of 
brightness/darkness of the reproduction beam on the reproduction apparatus, 
a diffraction grating for recorded data formed in a manner such that presence 
andposition of the recording mark on the recording layer are correspond^ 
to the predetermined presence andposition of brightness/darkness of the 
reproduction beam that are reproduced by the reproduction apparatus. 

Therefore, it is possible to prevent recognizing information of the 
recording mark by eyes when a predetermined rule is applied such as 
providing the recording mark to which the brightness/darkness is reverted 
from the reproduction beam and position is reversed up and down, or right 
and left, reversing presence, or shifting the recording mark for a 
predetermined distance up, down, left or right. Similarly it is possible to 
make it difficult to recognize information of the recording mark by 
transforming the presence and position of the recording mark to have a 
relationship with the brightness/darkness and position of the beam so as to 
be one-to-many, many-to-many, or many-to-one. Therefore, it is possible to 
xnake the security of the information recorded in the laminated holographs 
medium higher. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a aide figure showing a structure of the laminated 

holographic medium of a first embodiment of the present invention. 
Fig. 2 is a side figure showing a structure of the laminated 

holographic medium of a second embodiment of the present invention. 

Fig. 3 is a figure showing structures of the laminated holographic 

medium and a recording apparatus thereof of an embodiment of the present 

invention. 

Fig. 4 is a figure showing structures of a medium and its 
reproduction apparatus of an embodiment of the present invention. 

Fig. 5 is a figure showing the medium and a recording apparatus of 
an embodiment of the present invention. 

Fig. 6 is a figure showing structures of the medium and a recording 

apparatusof anembodiment of the present invention— 

Fig. 7 is a side figure showing a structure of the laminated 
holographic medium of a third embodiment of the present invention. 

Fig. 8 is a side figure showing a structure of the laminated 
holographic medium of a fourth embodiment of the present invention. 

Fig. 9 is a figure showing structures of a medium and a reproduction 
apparatus of an embodiment of the present invention. 

Fig. 10 is a figure showing structures of the medium and a recording 
apparatus therefore of an embodiment of the present invention. 

Fig. 11 is a figure showing structures of the medium and a 
reproduction apparatus therefore of an embodiment of the present invention. 

Fig. 12 is a figure for explaining a production method of a laminated 
holographic medium of an embodiment of the present invention 

Fig. 13 is a figure showing structures of the medium and a recording 
apparatus therefore of an embodiment of the present invention. 

Fig. 14 is a figure showing structures of the medium and a recording 
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apparatus therefore of an embodiment of the present invention. 

Fig. 15 is a side figure showing a structure of the laminated 
holographic medium of another embodiment of the present invention. 

Fig. 16 is a side figure showing a structure of the laminated 
holographic medium of another embodiment of the present invention. 

Fig. 17 is a figure showing structures of a medium and a 
reproduction apparatus therefore of an embodiment of the present invention. 

Fig. 18 is a figure of a concept for explaining reproduction operation 
applying a line sensor to a photodetector as a one-dimension sensor in a 
reproduction optical system in the figure. 

Fig. 19 is a figure of a concept for explaining reproduction operation 
applying an area sensor to a photodetector as a two-dimension sensor in a 
reproduction optical system in the figure. 

Fig. 20 is a figure of a concept for explaining operation of the 
reproduction apparatus detecting the reproduction beam from the medium in 

the present invention. 

Fig. 21 is a figure of a concept for explaining operation of the 
reproduction apparatus detecting the reproduction beam from the medium in 

the present invention. 

Fig. 22 is a figure showing a recording layer of one embodiment of 

the present invention. 

Fig. 23 is a figure showing the photodetector of one embodiment of 

the present invention. 

Fig. 24 is a figure showing the medium of one embodiment of the 

present invention. 

Fig. 25 is a side figure showing a structure of the laminated 
holographic medium of a fifth embodiment of the present invention. 

Fig. 26 is a side figure showing a structure of the laminated 
holographic medium of a sixth embodiment of the present invention. 
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Fig. 27 is a side figure showing a structure of the laminated 
holographic medium of a seventh embodiment of the present invention. 

Fig. 28 is a side figure showing a structure of the laminated 
holographic medium and a structure of the reproduction apparatus of eighth 
and ninth embodiments in the present invention. 

Fig. 29 is a side figure showing a structure of the laminated 
holographic medium and a structure of the reproduction apparatus of tenth 
and eleventh embodiments in the present invention. 

Fig. 30 is a figure for explaining a production method of the 
laminated holographic medium of an embodiment of the present invention 

Fig. 31 is a figure seen from an oblique position showing a structure 
of the laminated holographic medium and a structure of the reproduction 
apparatus of the twelfth embodiment of the present invention. 

Fig. 32-ia a side figure (cross-section) showing- a structure in which 

the recording layer and a grating layer are formed partly on a reading side of 
the medium in the present invention. 

Fig. 33 is a side figure (cross- section) showing a structure of an 
authentication sheet of a first embodiment of the present invention. 

Fig. 34 is a side figure (cross- section) showing a structure of an 
authentication sheet of a second embodiment of the present invention. 

Fig. 35 is a side figure (cross-section) showing a structure of an 
authentication sheet of a third embodiment of the present invention. 

Fig. 36 is a side figure (cross-section) showing a structure of an 
authentication sheet of a fourth embodiment of the present invention. 

Fig. 37 is a figure showing an embodiment in which the 
authentication sheet is used adhered to a card. 

Fig. 38 is a figure showing a structure of the recording apparatus of 
the first embodiment of the present invention. 

Fig. 39 is a figure showing a structure of the recording apparatus of 
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the second embodiment of the present invention. 

Fig. 40 is a figure showing a structure of the reproduction apparatus 
of the first embodiment of the present invention. 

Fig. 41 is a figure showing a structure of the reproduction apparatus 
of the second embodiment of the present invention. 

Fig. 42 is a figure for explaining a state of the authentication sheet 
of the embodiment of the present invention when it is inserted into a card 
entrance of the reproduction apparatus. 

Fig. 43 is a side figure showing a structure of a laminated 
holographic medium in the prior art. 

Fig. 44 is a side figure showing a structure of the laminated 
holographic medium and its reproduction apparatus. 

Fig. 46 is a figure showing a structure of the medium of a thirteenth 

. embodiment of the present invention. 

Fig. 46 is a figure (1) showing a structure of the medium and the 
reproduction apparatus of the thirteenth embodiment of the present 
invention. 

Fig. 47 is a figure (l) showing a reproduced image of ID data of the 
thirteenth embodiment of the present invention. 

Fig- 48 is a figure (2) showing a structure of the medium and the 
reproduction apparatus of the thirteenth embodiment of the present 
invention. 

Fig- 49 is a figure of overlapping a recording mark and an aperture 
mask of the thirteenth embodiment of the present invention. 

Fig. 50 is a figure (2) showing a reproduced image of ID data of the 
thirteenth embodiment of the present invention. 

Fig. 61 is a figure showing structures of the medium and its 
reproduction apparatus therefore of the fourteenth embodiment of the 
present invention. 
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Fig. 52 ia a figure of overlapping a recording mark and an aperture 
mask of the fourteenth embodiment of the present invention. 

Fig. 53 is a figure showing a reproduced image of ID data of the 
fourteenth embodiment of the present invention. 

Fig. 54 is a figure (l) showing a recording layer of the fifteenth 
embodiment of the present invention. 

Fig. 55 is a figure (2) showing a recording layer of the fifteenth 

embodiment of the present invention. 

Fig. 56 is a figure showing a reproduced image of ID data of the 
fifteenth embodiment of the present invention. 

Fig. 57 is a figure (l) showing a recording layer of the sixteenth 
embodiment of the present invention. 

Fig. 58 is a figure (2) showing a recording layer of the sixteenth 
embodiment of the present invention. 

Fig. 59 is a figure (3) showing a recording layer of the sixteenth 
embodiment of the present invention. 

Fig. 60 is a figure (4) showing a recording layer of the sixteenth 
embodiment of the present invention. 

Fig. 61 is a figure showing a reproduced image of ID data of the 
eixteenth embodiment of the present invention. 

Fig. 62 is a figure (l) showing a recording layer of a seventeenth 
embodiment of the present invention. 

Fig. 63 is a figure (2) showing a recording layer of a seventeenth 
embodiment of the present invention. 

Fig. 64 is a figure showing a calculation method of data for 

information in the prior art. 

Fig. 65 is a figure showing a calculation method of data for 
information of an embodiment of the present invention. 



23 

BEST MODE FOR CARRYING OUT THE INVENTION 
Hereinafter, referring to the figures, preferred embodiments of the 
present invention are explained. It ehould be noted that the scope of the 
present invention is not limited by the embodiments below, and for example, 
it is appropriate to combine the construction units below. 
<First and second embodiment of a medium> 

The medium of the present invention is characterized by being 
composed of two or more core layers; 3 or more cladding layers bound to the 
core layers; one or more diffraction grating layers storing informatxon data 
and set at a boundary between aportion of the core layers and the claddmg 
layers binding the core layers or set inside the core layers; and one or more 
recording layers storing information data as forms or a refractive index 
distribution and set at a boundary between a portion of the core layers and 
the cladding layers binding the core layers or ineide the core layers through • • 

or without a gap layer. 

Fig 1 is a ^-^Oiord showing a medium 1 of the first 

emb „diment of the present invention. It is eomposed of two eore layers 2; 3 
cladding layers 3 bound to the core layers 2; e diffraction grating layer 4 set 
at a boundary between one of the core layers 2 and the cladding layers 3 
bound to the core layer 2. or set inside the core layer 2; and a recording layer 
42 set at a boundary between another core layer 2 and the cladding layers 3 
bound to the core layer 2, or inside the core layer 2. 

Fig 2 is a side figure (cross-section) showing a medium la of the 
second embodiment of the present invention. It is composed of three or more 
core layers 2; multiple cladding layers 3 bound to the core layers 2; multiple 
diffraction grating layers 4 set at boundaries between the core layers 2 and 
the cladding layers 3 or set inside the core layers % and a recording layer 42 
set a. a boundary between one specific core layer 2 and the cladding layers 
bound to the core layer or inside the core layer 2. Tier, is an advantage m 
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Fig 2 compared to Fig. 1 in that the storage capacity can be larger. 

The diffraction grating layer 4 atoree information data in a bumpy 
form or as a refractive inde* distribution. Fig. 2 shows only a case of one 
recording )ayer 42, hut, the same effects can be obtained in a case ofmult.pl. 
layers The same effects can be obtained not only by providmg the 
diffraction grating layers 4 and the recording layer 42 directly contacting to 
the core layers 2, but a!ao by inserting the gap layers in between. Mortals 
having similar characteristics can be used for the gap layer and the daddmg 
layer 3 The core layers 2 ha»e a thickness of substantially 1 urn and the 
cladding layers 3 have a thickness of substantially 10 pm. It is appropnat. 
» provide two diffraction grating layers 4 on and under the cor. layers 2, and 
tbere is an adva.teg.ous point in that it can increase the storage capacity by 
providing many diffraction grating layers 4 (in other .mbodim.nta too). 

Therecording layer 42 is made from materials with photoseneitmty 
or thermosenaitivity. aad has a characteristic that a fcrm or a refr.ct.ve 
inde, of it changes upon exposure to light (including infrared rays, vtsthle 
raya, ultraviolet rays, laser, X-rays and electron beams) or heat. For 
e,.mp.e, it can b. a metal (aluminum, chrome or the Uk.), an aUoy, a 
aemiconductor (antimony or the like), a phase change material (GeSb-Te 
system, Ag ln Sn T. system), a coloring matter (phthalocyanine system, aUoy 
aro system, cyanine system), a photorefractive material (LN, SEN), a 
photochromic martial (thermochromic material, photopolymer), an o„de 
(chrome oxide, silver oride or the like) and a resin CUV curing ream, 
thermoset resin or th. like, or fulleren or coloring matter is doped to the 
resin). 

<Recording apparatus and first recording method of first embodiment 

The recording apparatus of the present invention .n the first 
cm bodiment is an apparatus for recording information data on the medium of 
the firat embodiment that ia characterized by being composed from at least 
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an object beam emission system having a function of emitting an object beam 
including information data to be recorded; and a reference beam emission 
system having a function of emitting a reference beam onto the recording 
layer. 

The first embodiment of the present invention is a method of 
recording the information data on the medium of the first embodiment (Fig. 
1) by using the recording apparatus, characterized by causing an object beam 
and a reference beam and recording the information data as holographic data 
on the recording layer using fight, heat or an electron by emitting a beam 

(laser) or an electron beam. 

Fig. 3 is a figure of a side face of the recording apparatus 52 of the 
embodiment of the present invention. The recording apparatus 52 is 
composed of an object beam optical system 100 having a function of radiatmg 
an object-beam 92 including information data to be^ecorded onto the 
recording layer 42, a reference beam optical system 101 having a function of 
radiating a reference beam 82 onto the recording layer 42. At the recording 
layer 42, the object beam 92 and the reference beam 82 cross and interference 
fringes including a concentration distribution of heat or light intensity are 
generated. As a result, at the recording layer 42, interference fringes 
formed as a form (pattern) or a change (variations) of refractive index are 
recorded as holographic data (a thermal hologram recording or an optical 

hologram recording). 

The recording layer 42 is radiated by an incident of the reference 
beam 82 into the core layer 2 in Fig. 3(a). by radiating from an upper side of 
the medium 1 in Fig. 3(b), and by radiating from a lower side of the medxum 1 
in Fig. 3(c). In each case, there is a method of radiating the reference beam 
82 as ordinary fight or as a near field light having a similar advantage. 

The object beam optical system 100 can carry information data 
included in the object beam 92. for example, by use of a spatial light 
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modulator (by transmitting light through the spatial light modulator 
displaying information data to be recorded), and therefore, it is appropriate 
to have a lens, a collimator, various optical components and the like as 

components, if necessary. 

The reference beam optical system 101 can have a lens, a collimator, 
various optical components and the like as components, if necessary. The 
object beam optical system 100 and the object beam 92 needs to have a light 
source. In order to have interference between the object beam 92 and the 
reference beam 82 and effect a hologram recording, the object beam 92 and 
the reference beam 82 must be caused to have high coherence and it is 
preferable that they be light from the same light source. 

It is appropriate to change the positions and angles of the object 
beam optical system 100, the object beam 92 and the medium 1 relatively if 
necessary, and therefore, it is appropriate that a mechanism or a function for 
driving in one dimension, two dimensions or three dimensions be provided. 
Moreover, in order for it to be possible to check the reproduction light, it is 
appropriate that the recording apparatus 52 provide an optical head 6 and a 
photodetector 7 (see Fig. 4) and have a component or a function such as a 
shading mask and a medium supporting portion provided by the reproduction 
apparatus 5 (Fig. 4) described below, if necessary. 

<Reconstruction apparatus and reproduction method of first embodiment 
The first embodiment of the reproduction apparatus in the present 
invention is a reproduction apparatus which reproduces information data 
recorded on the medium of the first embodiment (Fig. 1), and is characterized 
in that it is composed of, at least an optical head having a function of 
radiating incident light onto the medium, and a photodetector having a 
function of detecting reproduction light coming back from the medium. 

The reproduction method of the present invention in the first 
embodiment is a method of reproducing using the reproduction apparatus 
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optica! connection portion. . mirror surface or the like at the medium L 

The optical head 6 has a source for generating the incident hght 8, 
and for example, various User light sources can be applied to the source. 
The optical head 6 is. for example, constructed by combining a mirror leadtng 
the light, optical components such as a cnnimator. a condenser lens having a 
function of focusing (condensing) the incident Ugh, 8 on the core layer 2, an 
actuator having a function (mechanism, servo function, or the Uke) of 
radiating the incident light 8 to a desired position of the core layer 2 at a 
desired angle, and the Uke. It is appropriate for the reproduction apparatus 

5 to have a photodetector for the servo if necessary. 

The photodetector 7 has a function of detecting the reproduction 

beam 9 coming out from the medium 1. It to appropriate for it to have a 
m echanism for shifting (movement). It should be noted that it is necessary 
to ehifKmove) the photodetector 7 and the medium I relatively, and 
therefore, it is appropriate that the medium 1 side have a mechamsm for 
shifting (movment). There are examples such as a two dimenstonal 
photodetector like a CCD (Charge-Coupled Devices), a CMOS 
(Complementary Metal-Oxide Semiconductor) or the like, a on. dimenstonal 
photodetector such as a line sensor, and a photodiode. The reproduce 
beam 9 comes out as two dimensional data, and therefore, a one dimensmnal 
photodetector, or preferably a two dimensional photodetector, has an 
advantage in that it can detect it in a shorter time. 

It is appropriate that the reproduction apparatus 5 have an aperture 
m ask if necessary, the aperture mask being provided on an optical path of the 
reproduction beam 9 outgoing from the medium 1 before it is accepted by the 
photodetector 7. and it has a function of separating (splitting or divtdtng) and 
reproducing the reproduction beam 9 outgoing from each diffraction grating 
layer 4 if multiplex information data is recorded on the diffraction grating 
layers 4. Using the aperture mask, it is possible to reproduce the 
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with the medium of the first embodiment, and is characterized by radiating 
the incident light from the optical head onto the core layer neighboring to the 
recording layer, diffraction of the incident light as a reproduction beam 
including the information data because of the holographic data recorded on 
the recording layer, detecting and reproducing the reproduction beam using 
the photodetector, and reproducing the information data recorded on the 
recording layer. 

Fig. 4 is a figure of a side face showing the reproduction apparatus of 
the embodiment of the present invention, and is an apparatus for 
reproducing the information data recorded on the recording layer 42 of the 
medium 1 (Fig. l). The reproduction apparatus shown in Fig. 4 is composed 
of an optical head 6 and a photodetector 7, and the optical head 6 has a 
function of radiating incident light 8 into the desired core layer 2 of the 
.. onedium-1. When the optical head-S-radiates-the incident Ughte into the - 
core layer 2 neighboring the recording layer 42, the light is diffracted in 
accordance with the holographic data (form or change of refractive index) 
recorded on the recording layer 42, and the reproduction beam 9 goes out of 
the surface of the medium 1. It is possible to reproduce the information data 
recorded on the recording layer 42 by detecting it with the photodetector 7. 
It is as same as the prior arts that it is possible to read the information data 
recorded on each diffraction grating layer 4 by radiating incident light 8 into 

the desired core layer 2. 

There are methods for incidence of the incident light 8 onto the core 
layer 2, such as a method of radiating from edge faces of the medium 1, a 
method of providing an optical connection portion at the core layer 2 and 
radiating from above or below the medium 1, and a method of providing a 
mirror surface at each core layer 2 and radiating from above or below of the 
medium 1. These methods have the same effects. The method of radiating 
from the edge face has an advantage in that it does not need to provide an 
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information data of multiple screen of the photodetector 7 frotn one 
diffraction grating layer 4. and therefore, it is possible to increase the storage 
capacity of the medium X without Umitationin accordance with a number of 
pUels of the photodetector 7. In other words, there is an advantage in that 
it i, possible to increase enrage capacity because multiplex recording and the 
multiplex reproduction are possible. There are aperture mask, auch that it 
to made from U,uid crystal device, which can electrically change the posttion 
of aperture, or which have a fixed aperture and wherein the mask is .lofted. 
The former does not need a mechanical shifting, end therefore, it is 
advantageous. It is appropriate that a number of the apertures being 
opened at a time be either one or more than one (the same in other 
embodiments). 

Number, of elements, auch a. of the optical components or the 
electromechanical component of the recording apparatus 62 and the 
production apparatua 5 can be one or mo* than one. and the same effects 
can be obtained (in other embodiments too). 

It is appropriate that as the compositional element, of the records 
apparatus 52 and the reproduction apparatus 5. a medium loading entrance 
(or aperture) that is an entrance for loading the medium 1, a medium loading 
.pace that is a space for loading the medium 1. a medium loading table 
having a function of fixing, loading, holding and ejecting the medium 1 are 
provided. They have an advantage in that it is easy to load the medium 1 
stably. There is a compositional element of the recording apparatus 52 and 
the reproduction apparatus 5 such as a logic/control circuit. The 
iogic/control circuit is a circuit having functions of operating digital signals 
and operating activation of an active device explained in this specification. 

The raiding spparatus 52 and the reproduction apparatus 5 are 
jus. typical embodiment, in the present invention, and by changing position 
of the compositional elements, combining the embodiment, or mtting the 



embodiments, the same advantages can be obtained and such variations are 
included in the scope of the present invention. 

<Second and third embodiments of recording apparatus and recording 
method> 

The second and the third embodiments of the recording apparatus in 
the present invention are apparatuses which record information data on the 
medium of the first embodiment (Fig. D. and are characterized by being 
composed of, at least, a beam radiation system having a function of radiating 
a beam onto the recording layer and drawing (writing, tracing or pointing) or 
projecting (printing, copying, radiating or reflecting) the information data as 
a whole (integrally, overall, totally, collectively or in one time) and an 
electron beam radiation system having functions of radiating an electron 
beam onto the recording layer and drawing or projecting as a whole the 

-information- data. 

The second and the third embodiments of the recording methods in 
the present invention are recording methods for recording the information 
data on the medium of the first embodiment using the recording apparatus 
above, and are characterized by recording of information data obtained from 
a CGH (Computer Generated Hologram) by drawing or projecting collectively 
the holographic data to the recording layer using the light or the heat from 
radiation of the beam (laser) or the electron beam. 

Fig 5 is a side face of the recording apparatus 52a of the second 
embodiment, which is an apparatus which records information data onto the 
medium of the first embodiment (Fig. l). The recording apparatus 52a in 
Fig 5 is composed of a beam radiation system 102 having a function of 
radiating a beam 93 onto the recording layer 42. Fig- 6 is a side face of the 
recording apparatus 52b of the third embodiment, and it is an apparatus 
which records the information data on the medium of the first embodiment. 
The recording apparatus 52b in Fig. 6 is composed of an electron beam 
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radiation system 103 having a function of radiating an electron beam 94 onto 

the recording layer 42. 

As described in the embodiment above, there is a mechanism or a 
method in order to achieve high accuracy with respect to a form and a 
position of a processing spot, and therefore, it is possible to operate forming 
and positioning of the spot with high accuracy by observing the surface bemg 
processed from the down side of a sample (medium) while processing. 

In each embodiment above, the holographic data obtained from the 
CGH is drawn as a form (pattern) or a change of refractive index (variations 
in refractive index) to the recording layer 42 and recorded by using the beam 
93 or the electron beam 94. This holographic data is equivalent to the 
holographic data in Fig. 3 obtained by the thermal hologram or the optical 
hologram. 

There is another recording method of recording the holographic data 

onto the recording layer 42 such that the holographic data from the CGH is 
shown on a spatial light modulator, a photomask and/or the like, the beam 93 
or the electron beam 94 passes through them and gets the hologram 
information, and the holographic data is projected collectively and recorded 
on the recording layer 42 (records on the recording layer 42 as the form or the 
refractive index changes) via a zooming lens system. By projecting 

collectively, there is an advantage in that it is possible to record faster than 

drawing. 

Ae the beam, infrared light, ultraviolet light, a laser, X-rays, or the 
like can be applied. It is appropriate that the beam radiation system 102 
and the electron beam radiation system 103 have compositional elements 
such as a lens, a collimator and the like if necessary. It is appropriate that 
the beam radiation system 102, the electron beam radiation system 103 and 
the medium 1 change their angles and positions relatively if necessary, and 
therefore, it is appropriate that they have shifting mechanism or functfons m 
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one, two or three dimensions. Moreover, it is appropriate that the recording 
apparatus 52a and 52b have the optical head 6 and photodetector 7, and have 
compositional elements or functions that the reproduction apparatus 5 has 
such as a shading mask, a medium supporting portion if necessary- Other 
points, such as compositional elements or functions that can be added are the 
same as for the recording apparatus in Fig. 3. 

A reproduction apparatus and a reproduction method of the 
information data recorded on the recording layer 42 are same as the 
reproduction apparatus and the reproduction method in Fig. 4. In other 
words, the reproduction apparatus is an apparatus reproduces information 
data recorded on the medium of the first embodiment, and is composed of, at 
least, an optical head having a function of radiating the incident light into 
the medium, a photodetector having a function of detecting a reproduction 
light outgoing from the medium. 

The reproduction method radiates the incident light from the optical 
head into the core layer neighboring to the recording layer, diffracts the 
incident light as the reproduction beam including the information data 
because of the holographic data recorded on the recording layer, detects and 
reproduces the reproduction beam using the photodetector, and reproduces 
the information data recorded on the recording layer. 
<A third and fourth embodiments of the medium> 

The third and fourth embodiments of the medium in the present 
invention are characterized by being composed of two or more core layers, 
three or more cladding layers set to bind the core layers, one or more 
diffraction grating layers to which information data is recorded and set at a 
boundary between some of the core layers and the cladding layers binding the 
core layers or set inside the core layer, one or more recorded data diffraction 
grating layers set at a boundary between the core layer and the cladding 
layers binding it or set inside the core layer from which the reproduction 
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beam goes out, and one or more recording layers to which the information 
data is recorded as presence of recording marks with or without 
transmittance of the light and set adjacent to the core layer, set close to the 
core layer while binding a gap layer between it and the core layer or set apart 

from the core layer. 

Moreover, it is characterized by the record data diffraction grating 
layer formed to have the recording marks on the recording layer that their 
presence and positions appear as brightness/darkness and positions of the 
light. For example, the record data diffraction grating layer is formed to 
have the recording marks on the recording layer and their presence and 
positions are corresponding to brightness/darkness and positions of the light 

on the photodetector. 

Fig. 7 is a side face (cross-section) showing the medium of the third 
embodiment ^ the present invention. The medium lb is composed of two 
core layers 2, three cladding layers 3 set to bind the core layers 2, one 
diffraction grating layer 4 set at a boundary between one of the core layers 2 
and the cladding layers 3 binding it or set inside the core layer 2, one 
recorded data diffraction grating layer 43 set at a boundary between another 
core layer 2 and the cladding layers 3 binding it or set inside the core layer 2. 
and one recording layer 42 set adjacent to another core layer 2. 

Fig. 8 is a side face (cross-section) showing the medium of the fourth 
embodiment of the present invention The medium 1c is composed of three 
or more core layers 2, multiple cladding layers 3 set to bind the core layers 2, 
multiple diffraction grating layer 4 set at a boundary between the core layers 
2 and the cladding layers 3 or set inside the core layers 2. one recorded data 
diffraction grating layer 43 set at a boundary between one specific core layer 
2 and the cladding layer 3 binding it or set inside the core layer 2, and a 
recording layer 42 set close to other core layer 2 binding a gap layer 44 
between it and the core layer 2. In Fig. 8, there is an advantage in that it is 



possib.e to urease the storage capacity because it has more diffract 
grating layers storing the information data. 

At the diffraction grating !ayer 4. the information data te stored as, 
for eaampU, a bumpy form or a refractive index distribution (and as the 
tal ographic data). MuMp* recording layers 42 have the same effects. 

There is the same effect not only in a case that the dtfixactton 
grating layer 4 and the recording layer 42 are directly adjacent to the core 
layer 2, hut also in a case that the gap layer 44 is provided. The 
^positional elements are same as in Fig. 1 and 2. A resin, a glass an 
opti cal crystal and the Use can be used fcr materials of the core layer 2 and 
L cladding layer 3, and for the gap layer 44. the materials havmg the - 
cbaracteristice (the resin, the glass, the optical crystal and the hke) can 
used. The core layer 2 has a thickness of substantially 1 pm and the 

cUddingl.yer3b asl . t hic k n..s.fsubstan t iaUy 1 apm The^actmn • 

grating layers 4 can be set at two points that are on and under the core layer 
2 , there is an advantage in that it is poeaible to increase the storage capactty 
upon having many diffraction grating layers 4. 

The recording layer 42 is same as shown in Fig. 1 and 2, and the 
materials having function, of changing the opticm characteristics such as the 
form, the refractive index and the like upon receiving the ligh, Gncludmg 
inf^ed light, visible ray. ultraviolet light, laser. X-ray. electron beam and 
the Uk.) or the heat and as a result, changing to have or not to have 
transmittance of the light (including changes such as 

transmittance/non transmittancetopacue). with/without boles and the Uks), 
can be used. For example, a material having characteristics of changmg 
front „„ n -transmittance (op.<,«e) to transmittance (or the converse), 
disappearing by changes of the form/sublimation (having an aperture or a 
hole) can be need (a mark made on the recording layer in such manner >s 
caned recording mark 45). It is appropriate to define the transmittal part as 
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the recording mark or the nontransmittance part. 

In thie document, man, descriptions are using the transtntttal part 
as a recording mark however the same effects can he ohtained .f the 
non-transmittance part is need, In thie case, the description of thta 
document should be changed appropriately such as chanpng 

brightness/darkness of bright and dark dots, and «hey are included ,= the 
8cop aoftheembodiment(samein.Utheembodiments). The concrete 
ntaterials used for the recording layer 42 are a metal (aluminum, chrome and 
so on), an oxide (chrome oxide, silver oxide and the Bke). a semiconductor 
(antimony and the like), a resin CUV curing resin, thermoset resin and the 
Uks, or fulleren or coloring matter is doped to the resin), an ink, a pa.nt, 

paper and the like. 

Fig 7 shows an example without the gap layer 44 and F.g. 8 shows 
an example with the gaplayer 44, and both axamp.es have the same effects, 
therefore, it is not .fleeted whether or not the gap layer 44 is provided. It ts 
appropriate that the recording layer 42 is set at a side of the recording data 
diffraction grating layer 43 from which the reproduction beam goes out (a 
aide to which the photodetector 7 is set with respect to the medium 1). and tt 
i, not affected by providing a layer except for the gap layer 44 between the 
recording layer 42 and the recording data diffraction grating layer 43, for 
example, the core layer 2 or the cladding layer 3. 

I, should be noted that, in ordinary cases, the information data is 
«„red at the diffraction grating layer 4 therefore, in order to reproduce tt. tt 
is better not to set the diffraction grating layer 4 between the recording layer 
42 and the recording data diffraction grating layer 43 (because the recording 
layer 42 and the recording data diffraction grating layer 43 shade the 
reproduction beam 9 from the diffraction grating layer 4 and it is impossible 
,„ reproduce the information data included in the diffraction grating layer 4). 
The recording data diffraction grating layer 43 has the same 
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characteristics as the diffraction grating layer 4, and the incident light 8 
came into the adjacent core layer 2 goes out as the reproduction beam 9 
because of the bumpy form or the refractive index distribution. An angle of 
the outgoing reproduction beam 9 can be, for example, right above, that is 
both forward against the incident light 8 from the optical head 6 and 
backward with against the incident light 8 from the optical head 6, or it can 
he a parallel beam or can be a mixture of beams with various angles. 

It should be noted if the reproduction beam 9 goes out right above 
and is the parallel beam, then there are advantages such as implementing 
the recording apparatus 52 and the reproduction apparatus 5 smaller and 
keeping the reproduction beam 9 from the recording data diffraction grating 
layer 43 parallel (as is described below, when the reproduction beam 9 from 
the recording data diffraction grating layer 43 does not spread, more 
information can be recorded on the recording layer-42 and is reproduced), • 

As shown in the reproduction apparatus and the reproduction 
method explained below, it is appropriate that the recording data diffraction 
grating layer 43 is formed so as that the presence and the position of the 
recording mark 45 on the recording layer 42 correspond to the 
brightness/darkness and the position of the light on the photodetector 7. It 
is appropriate that the presence and the position of the recording mark 45 on 
the recording layer 42 correspond to the brightness/darkness and the 
position of the light on the photodetector 7 with one-to-one relationship or 
without one-to-one relationship necessarily. 

In other words, it is appropriate that the recording data refractive 
grating 43 is formed so as that one dot of brightness/darkness on the 
photodetector 7 corresponds to one recording mark 45, multiple dots of 
brightness/darkness on the photodetector 7 correspond to one recording mark 
45, one dot of brightness/darkness on the photodetector 7 corresponds to 
multiple recording marks 45, or multiple dots of brightness/darkness on the 
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photodetector 7 correspond to multiple recording marks 45. 

The medium 1 can be produce by recording on the recording layer 43 
after producing the medium 1 including the recording layer 42 as one united 
body, producing two bodies such as one portion including the recording layer 
42 and another portion without the recording layer 42 and unifying at last by 
adhering another portion without the recording layer 42 to one portion 
including the recording layer 42 after recording on the recording layer 42, 
and recording on the recording layer 42 of a portion including the recording 
layer 42 and producing by adding on other portions without the recording 
portion 42. When the recording portion 42 includes holes (or apertures), it is 
easier to create holes if the recording layer 42 is exposed and in a production 
method of two bodies as described above. 

With respect to the medium 1. there are an using method in its own 

„..fbrm,an-using^^^ 

method in its own form adhering an label on one side (from which the 
reproduction beam does not outgo) and so on. It is appropriate that the 
compositional elements of the recording apparatus and the reproduction 
apparatus are provided as the compositional elements of the medium, the 
package or the cartridge (providing compositional elements conversely, or 
exchanging compositional elements each other), the same effects can be 
obtained. 

It is appropriate in the structure of the medium 1 of the present 
invention that the gap layer, the cladding layer or a protection layer are 
inserted between the layers, and the same functions and effects can be 
obtained whether or not there is the cladding layer or the protection layer on 
an upper side or lower aide surface. 

<a first embodiment of the recording apparatus and the recording method> 

As the first embodiment of the recording apparatus corresponding to 
the medium of the third and the fourth embodiment, the recording apparatus 
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52a and 52b can be applied. The recording apparatus is an apparatus that 
records the information data on the medium of the third and the fourth 
embodiment, and is composed of. at least, a beam radiation system havxng 
functions of radiating a beam on the recording layer 42 and drawmg or 
pi ojecting as a whole the information data, or an electron beam radxafcon 
system having functions of radiating an electron beam on the recording layer 
42 and drawing or projecting as a whole the information data. 

The recording apparatus of the present invention is an apparatus 
that records the information data on the medium of the third and the fourth 
embodiments using the recording apparatus above, and is charactered by 
drawing or projecting as a whole the information data on the recording layer 
corresponding to the presence of the recording mark having transmittance or 
non-transmittance of the light using the light, the heat or the electron 
because, of- radiation the beam or the electron be am -including the 
information data, that is. recording the information data using the beam or 
the electron beam. In other words, using the beam radiation system 102 
(Fig 5) and the electron beam radiation system 103 (Fig. 6), a position (the 
recording mark 45= Fig. 9) with (or without) transmittance of the beam or the 
electron beam is formed on the recording layer 42 by drawing or radiatmg as 
a whole using the special light modulator. It is possible to record the 
information data on the recording layer 42 as a position or the form (for 
example, by forming the recording mark 45 as a hole) of the recording mark 
46. 

Other than recording on the recording layer using the beam or the 
electron beam, it is possible to record on the recording layer by using an ion 
beam generated from the source of the ion beam. It is possible to record by 
printing an ink. a paint and the like in accordance with desired pattern on 
the medium using various printing techniques such as an Inkjet pnntxng, a 
laser printing, a screen printing and the like. 
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It is possible to use a method of adhering a label of paper or resin on 
the medium and printing a recording pattern on it, or a method of adhering 
the label to which the recording pattern is already printed on the medium. 

By combining the methods above, for example, it is possible to apply 
a method of spraying the ink and the paint in accordance with the printing 
technique and recording with radiation of the beam, the electron beam or the 
like There is a mechanism or a method in order to achieve high accuracy 
upon a form and a position of a processing spot, it is possible to operate the 
spot form and the spot position with high accuracy by processing whole 
observing the surface being processed from the down side of a sample 
(medium). For example, when processing and recording with the beam 
(laser), there is a method of similarly observing the processing surface by 
monitoring reflections of the laser and operating the spot form and the spot 
position with hish accuracy. It should be noted that when observing by 
using the reflection, it requires an optical system to split the incident beam 
and the reflection beam, for example, a half mirror or beam splitter. 
However, upon using them, the incident beam decreases (in normal cases, 
less than half), and the power of the incident beam decreases, therefore, there 
is a problem that an ability of processing decreases. Comparing to this, 
when applying a method of observing from the down side (in this caee, the 
transmitted beam is observed), there is an advantage in that it is 
theoretically possible to observe the processing surface without reducing the 
power of the incident beam. 

<A second embodiment of the recording apparatus and the recording 
method> 

The recording apparatus of the second embodiment of the present 
invention is an apparatus that records the information data on the medium 
providing at least the recording layer, and is characterized by providing at 
least a beam radiation system which radiates the beam on the recording 
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layer and draws or projects as a whole the information data or an electron 
beam radiation system which radiates the electron beam on the recording 
layer and draws or projects as a whole the information data. 
As the medium, for example, the medium of the embodiment of the present 

invention can be used. 

The recording method of the second embodiment of the present 
invention is a recording method of recording the information data to a 
medium providing at least the recording layer using a recording apparatus 
providing at least the beam radiation system or the electron beam radiatxon 
system, and is characterized by recording the information data by drawn* or 
projecting as a whole on the recording layer corresponding to the presence of 
the recording mark having transmittance or non- transmittal of the hght 
using the beam radiation system or the electron beam radiation system. As 
... the.medium v ib*«xample, the medium ofthis-embodiment of the present - 
invention can be used. As the recording apparatus, for example, the 
recording apparatus of this embodiment of the present invention can be used. 

Fig. 10 and 11 show a structure (side face) of a recording apparatus 
52 of this embodiment of the present invention. In Fig. 10. the recording 
apparatus 52 is composed of a beam radiation system 102 that radiates a 
beam 93 and draws on the recording layer 43. and in Fig. 11. the recording 
apparatus 52 is composed of an electron beam radiation system 103 that 
radiates an electron beam 94 and draws on the recording layer 43. Fxg. 10 
shows an example of recording on the medium 1 in which a portion include 
the recording layer 42 and a portion without the recording layer 42 are 
produced in one body. On the other hand. Fig. 11 shows an example in 
which the recording layer 42 is exposed and recorded, and in wbxch the 
information data that is unique information such as an identification number 
is recorded on the recording layer 42. the portion including the recording 
layer 42 (an identification information recording portion) is formed, after that. 
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a portion without the recording layer 42 (a ROM portion to which information 
of contents to be distributed is recorded on the multiple diffraction gratxng 
layers in accordance with a normal production step) is combined, and finally 
the medium 1 is formed in which the identification information recording 
portion and the ROM portion are in a structure of one body- 
In other words, because the identification information recording portxon 
and the ROM portion are produced independently and are combined 
afterward, a high productivity is kept because the ROM portion can be 
formed in accordance with the conventional production method, it is possxble 
to record the record the information data specific to each medium on the 
recording layer easily upon forming the identification information recording 
portion, therefore, as a result, it is possible to produce the medium to which 
the unique information is recorded easily. 

.I As described above, when the recording portion 42 includes holes, it 
is easier to create holes if the recording layer 42 is exposed In other words, 
it is possible to draw the recording maxk indicating the information data 
directly on the recording layer 42 by radiating the laser or the electron beam 
because the processing face is exposed, therefore, it is possible to increase the 

accuracy or processing. 

Moreover, if an hole is created by radiating the beam 93 on the 
recording layer 2 after combining the identification information recording 
portion and the ROM portion, it can cause a status like a blister because a 
volume change can be caused because of changes of the material of the 
recording layer 42 and lack of space for the material of the recording layer 42 
to be sublimated, therefore, there is a possibility that the form of the medium 
is changed. Due to such changes of the form of the medium, it may be 
impossible to insert because the size of the medium exceeds the size to insert 
into the reproduction apparatus. Moreover, the memory surface may has a 
deformation because the form of the medium is changed, the incident light 
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does not come into a predetermined position, the reproduction beam does not 
outgo accurately even when the incident light comes, and a fault may be 
caused such tbat it is impossible to reproduce the information data. 

On the other hand, by changing the transmittance and creatxng the 
hole as the recording mark while being exposed, there is no change of volume 
because the sublimated material of the medium 42 is released to the axr. 
For example, by generating the recording layer 42 as shown in Fxg. 11 and 
operating processes on the recording mark while the recording layer 42 xs 
exposed, it is possible to prevent causing the above described bhster. 

Even when the form of the recording layer 42 is changed, because of 
an adherence of an adhering layer upon combining two bodies of the 
identification information recording portion and the ROM portion it xs 
possible to solve such changes, and it is possible to prevent reproductxon fault 
due toiaults of the incident light and the reflection light. 

If a ROM layer independently produced from multiple diffraction 
grating layers recording the contents as the information data, the core layer 
and the cladding layer, is adhered, with respect to the material of the 
adhering layer (the adherence), a material having the same optical 
characteristic as the material of the cladding layer 3 (Fig. 9), the core layer 2 
(Fig. 7) at the lower portion of the medium 42 or the gap layer 44 (Fig. 8), 
that is a material having the same optical consistency is used. As a result, it 
is possible to recover the defects on the surface of the core layer 2 (Fig. 7) or 
the gap layer 44 (Fig. 8) generated upon creating the hole as the recordxng 
mark on the recordxng layer 42 due to the heat because of radiating by the 
beam 93 or the electron beam 94. Even if the volume of the recording layer 
42 is changed upon creating the hole by recording operation on the exposed 
recording layer 42. it is possible to solve the changes of the form to some 
degree upon adhering the ROM layer because of the adhering layer of the 
adherence and it is possible to apply materials which change their volume. 



As described above, by using the adherence having the same opttcal 
cbaxa.ten.tica ae the layer to be adhered, it is peeeible to complement areas 
» which the recording mark (area ofho.ee) or the recording layer On a caee of 
forming the recording layer partially ae described later) ere not formed by 
fiUing the adherence, therefore, it is possible to make the adhered surface 
(the adhered surface between wo bodies) optically continuous. Therefore, 
for example, even when the gap layer 44 and the like are damaged wrtb the 
User (in a case of generating a hole) upon recording by creating the ho . on 
the recording layer 42 with the leser, it is possible to complement by fUhng 
the hole as a damage with the adherence and it i. possible to recover the 
damages becauee of recording and processing at the production step of 
combining two bodies into one body. 

When the recording mark 45 is formed by changing the 
t^asmittance or.the.refc.ctiv. index of the recording.layer.42.with the beam 
93 and the electron beam 94, it is phyekslly possible to change the 
transmittals or the refractive index, however, it is needed to select the 
material that change its transmittance in a range that is poseible to be 
detected by using a been, for process, and it is a difficult aspect to select the 
material. 

To W or create a new material having a characteristic of changmg 
its transmittance or refractive index by radiating a beam with a 
predetermined energy is very difficult because the material with 
characteristics above should satisfy following characteristics W(m). 

U) Upon working as the recording mark (transmitting the hght), it is 
needed that the core layer and the cladding layer have approximately same 
refractive indices (for example, both of them have the refractive indaces of 
approximately 1.6 and the core layer has little bit larger value). 

GO It is needed that it satisfies a condition that the refractive mdex 
or the transmittance is changed by radiating the light upon recording 



however the refractive index or the transmittal is not changed by radiating 
the light upon reproducing (in other words, to change the wave length, that is 
the energy, of the light upon reading and writing). With respect to such 
condition, it is needed to find a material having a steep light wavelength 
selectivity or to find a chemical processing method (inactivation process) that 

satisfies such conditions. 

(iii) With respect to the new material for the recording layer, it is 
needed to have an environmental* resistance (thermal/chemical stability), and 
nonpoisonous/innocence, however it is needed to have no thermal expansion 
due to the energy of the light or to have the same coefficient of thermal 
expansion as the core layer and the cladding layer, that is, to have no change 
of volume before and after recording (that may cause changes of the 
refractive index or changes of transmittal* by radiating the light). 

Onthe-other hand, with respect to the recording mark 45, when the 
information data ie indicated by using the presence of the hole, it is possible 
to produce only the recording layer 42 as a single layer beforehand and to 
form by adhering the diffraction grating layer and the ROM layer, therefore, 
it is possible to increase freedom of selecting the material available for the 
recording layer 42 and to process with a lower cost. 

In other words, by applying the presence of the hole on the recording 
layer as the recording mark, it impossible to use, for example, a paint as the 
material of the recording layer. It satisfies the condition that upon 
recording the information data by creating the hole with the laser, it is 
possible to create the hole efficiently because the laser is absorbed effectively, 
and upon reproducing, it shades the reproduction beam from the diffraction 
grating layer by the inside of the hole (the condition is easier than the 
material that changes its refractive index or transmittance). Therefore, the 
freedom of selecting the material is increased. 

When the recording mark 45 is formed with a material by changing 
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the transmittal**, the transmittal of the material of the recording layer 42 
changes gradually because of the;incident light radiated upon reading the 
information data or time pasainglby. therefore, it can be assumed that the 
information data cannot be read correctly after using the recording layer for 
long time. 

However, when the information data is indicated by the presence of 
the hole as the recording mark 45, the recording mark 45 does not change 
and it ie possible to use for longer time than a case of recording the 
information data on the recording layer 42 by using the transmittance. 

As described above, in a case of recording the information data by 
changing the optical characteristic of the recording layer except for recording 
the information data by creating the hole on the recording layer, if the 
information data is recorded by using the laser and the like after combining 
the identification information recording portion and the ROM portion into 
one body, the form of the medium 1 is changed upon changing the volume of 
the recording layer 42, therefore, same as described in a case of creating the 
hole on the recording layer 42, a problem such that the information data 
cannot be read correctly even though the information data ie recorded. 

On the other hand, in a case of producing two bodies of the 
identification information recording portion and the ROM portion 
independently, the independently produced two bodies are combined by using 
the adherence after the laser is radiated in order to record the information 
data on the recoding layer 42 in an exposed status of the identification 
information recording portion, therefore, because of the adhering layer of the 
adherence, it is possible to solve the change of volume of the recording layer 
42 due to the radiated laser, that is the change of form of the recording layer 
42. it is possible to prevent changing the form of the medium 1 as a whole, 
and it is possible to solve the problem that the information data cannot be 
read correctly. 



In a case of producing two bodies of the identification information 
recording portion and the ROM portion independently, these two bodies are 
combined after the information data is recorded on the recoding layer 42, it is 
possible to apply the materials that have volume changes by writing the 
information data for the materials of the recording layer 42 to which the 
information data is recorded by radiating the laser, therefore, various 
materials can be applied and it is possible to develop a new material of the 

recording layer 42 easier. 

In Fig. 10 and 11, the same effects are obtained even when the beam 
93 and the electron beam 94 are exchanged and the beam radiation system 
102 and the electron beam radiation system 103 are exchanged. 

Hereafter, a recording operation of the recording apparatus 52 is 
explained. Upon recording, using the beam radiation system 102 or the 
electronbeam radiation system 103, positions ^ving transmittance or 
non-transmittance with respect to the beam (laser) or the electron beam (the 
recording mark 45: including transmittance/non transmittance, with/without 
holes and the like) are drawn or projected as a whole using the spatial light 
modulator on the recording layer 42. 

In accordance with the presence of the recording mark 45 (number, 
position, shape and the like), it is possible to record the information data on 
the recording layer 42. The shape, the changes of the refractive index, 
removal (hole) and the like of the recording layer 42 have functions of the 

recording mark 45. 

As the beam 93, infrared light, ultraviolet light, a laser, X-rays, or 
the like can be applied. It is appropriate that the beam radiation system 
102 and the electron beam radiation system 103 have compositional elements 
of the optical parts, parts for the electron beam and the like such as a lens, a 
collimator and the like if necessary. It is appropriate that the beam 
radiation system 102. the electron beam radiation system 103 and the 
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m .dium 1 changes their * and positions relatively if necessary, 
therefore, it is appropriate that they have shifting mechanism and functions 

in one, two or three dimension. 

Moreover, it is appropriate that the recording apparatus 52 ha. the 
optical head 6. photodetector 7, and has compositional elements or functt.na 
that the reproduction apparatus 5 of the present invention such as an 
aperture ma.lt, a reproduction optical system, a medium supporting porrion 
if necessary. 

Other than a method of recording on the recording layer 42 by usxng 
the beam 93, the electron beam 94 and the like, it is possible to record by 
printing an ink. a paint and the like in accordance with desired pattern on 
the medium 1 using various printing techniques such as an Inkjet pnntxng, a 

laser printing, a screen printing and the like. 

-...Jtis-possibleto.use.a m ethod^adheringa.label-of.paper, ink or - 

resin on the medium 1 and printing a recording pattern on it. or a method of 
adhering the label to which the recording pattern is already printed on the 
medium. This is included in the scope of the present invention too. 
Moreover, in addition to the beam 93, the beam radiation system 102, the 
electron beam 94 and the electron beam radiation system 103, the ion beam 
andthesourceoftheionbeamareueeful. They are, and the combinations 
of above described elements, for sample, a method of spraying the ink or 
paint in accordance with the printing technology and recording by radiatmg 
the beam 93. the electron beam 94 or the like, are included in the scope of the 

present invention. 

With respect to a medium and a recording method, there is a 
mechanism or a method in order to achieve high accuracy upon a form and a 
position of a processing spot of the recording mark 45. it is possible to operate 
the spot form and the spot position with high accuracy by applying the 
medium and the recording method of observing the surface bexng processed 
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from the down side of a sample (medium l) and it has an advantage. 

Fig. 12 shows another construction example of the recording 
apparatus. In this figure, the beam radiation system 102 (or the electron 
heam radiation system), for example, has a function of radiating the beam 93 
and has a function of moving vertically (along with the optical axis of the 
beam) and scanning with the beam or the radiation system itself in one 
dimension or two dimension on the inside surface of the medium 1. 

A stage 401 has a function of mounting the medium 1 stably and a 
stage portion close to the medium 1 has an aperture or has a window portion 
402 made from a transmittance material. 

A filter mirror 406 has a function of transmitting the beam 93 (the 
electron beam) and reflecting a light beam 404 from the light 403. and is, for 
example, set under the stage 401 having an angle of 45 degree with respect to 

the-optical axis of the beam 93. 

The light 403 has a function of radiating the light beam 404 and is 
set so as to have the light beam 404 goes into a camera 405 after being 
reflected by the filter mirror 406; reflected by the processing surface of the 
medium 1. and reflected by the filter mirror 406 again. The camera 405 is 
set at a position where the fight beam 404 from the light 403 comes into and 
has a function of observing the processing surface of the medium 1 by the 
light beam 404. 

For example, when a YAG (Nd doped, YV04) laser as the beam, the 
wavelength is substantially 1.064 nm, and the light beam has the wavelength 
100-600 nm, that is the visible light, therefore, it is possible to realize the 
embodiment above (Fig. 12) by applying the filter mirror having a 
characteristic of transmitting the fight with the wavelength larger than 
several hundred nm and reflecting the light less than it. 

In accordance with this embodiment, it is possible to observe the 
processing spot of the medium 1 on the optical axis, by feeding back the 
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observation results to the beam radiation system or a control mechanism of 
the stage 401, it is possible to control the spot form and the spot position. 

In the prior art, an observation method of the processing surface 
having a camera Bet at a diagonally upper position close from the processing 
surface has a problem that it is difficult to observe the spot position 
accurately because it is observed from the upper side. 

In another method of the prior art, on the incoming side of the beam, 
by using a half mirror or the polarized beam splitter, the reflection beam 
from the processing surface is traced in an opposite direction against the 
incident direction of the beam and is observed by a camera. In accordance 
with this method, the camera can be set on the optical axis, therefore, the 
spot form and the position can be observed and can be operated accurately, 
however, the half mirror and the polarized beam splitter should be set on the 
optical path before the beam reaches to the medium, therefore, the beam is 
absorbed or reflected by the half mirror and the polarized beam splitter (in 
normal cases, lees than half) and there is a problem that only a part of the 
optical power can be used for processing. 

Comparing to these prior arts, in thi3 embodiment, the camera 93 is 
provided on the optical axis, therefore, the spot form and the position can be 
observed and controlled accurately, and an observation system (the camera, 
the half mirror, the polarized beam splitter and the like) is not inserted 
between the beam radiation system 102 and the medium 1 and is provided 
afterward the processing, therefore, there is an advantage in that the power 
of the beam is not reduced. 

The core layer, the cladding layer, the gap layer and the like of the 
medium 1 are transparent, therefore, the medium 1 transmits the beam 93. 
The medium 1 transmits the light beam 404 too and it is possible to observe 
the processing surface. 

<A second embodiment of the reproduction apparatus and a reproduction 
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method> 

The second embodiment of the reproduction apparatus reproduces 
the information data recorded on the medium of the third and the fourth 
embodiments, and is characterized by composed of, at least, an optical head 
having a function of radiating incident light into the medium and a 
photodetector having a function of detecting a reproduction beam outgoing 

from the medium. 

The second embodiment of the reproduction method is a method for 
reproducing the information data recorded on the medium of the third and 
the fourth embodiment by using the reproduction apparatus above, and is 
characterized by radiating incident light from an optical head into the core 
layer adjacent to the diffraction grating layer for recording data, and 
reproducing the information data recorded on the recording layer by 
. detecting and^eproducing a reproduction beam- outgoing -from, the diffraction, 
grating layer for recording data as patterns of brightness/darkness at a 
position of a photodetector corresponding to presence of recording marks. 

Fig. 9 shows a structure of a reproduction apparatus 5a 
(corresponding to the medium of the third embodiment). Basically it is same 
as the reproduction apparatus in Fig. 4. A case in which a diffracted light 
(reproduction beam 9) goes out of the diffraction grating layer for recording 
data 43 as a parallel beam from right overhead. When an incident light 8 is 
radiated from an optical head 6 into a core layer 2 adjacent to the diffraction 
grating layer for recording data, the incident light incoming into the core 
layer 2 is diffracted at the diffraction grating layer for recording data 43 and 
goes out as the reproduction beam 9 right overhead as a parallel beam- The 
recording mark 46 is formed on the recording layer by the recording 
apparatus above. In the recording layer 45, for example, the reproduction 
beam 9 is transmitted at a point where the recording mark 45 is there, and is 
not transmitted at a point where the recording mark 46 in not there. 
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Therefore, a photodetector 7 detects a pattern of brightness/darkness 
corresponding to presence of the recording mark 45 on the recording layer 42. 
For example, when the information data which is specific to a medium lb is 
recorded corresponding to the presence of the recording mark 45, then it is 
possible to detect and reproduce it with the photodetector 7. 

In general, the reproduction beam transmitted via the recording 
mark 45 has been spread and its resolving power is reduced, therefore, it is 
not appropriate for recording and reproducing a huge amount of data in this 
embodiment. However, in this embodiment, several hundreds bytes is 
enough as a storage capacity of the medium lb at most for a time, therefore, 

it has an advantage. 

It should be noted that if the photodetector 7 is much smaller 
comparing to the medium lb, then it is possible to detect all spots of 
xeproduction beam from the recording maxk 45 by moving both- of them 
relatively and it has an advantage to achieve a huge data capacity. 
<A third embodiment of a reproduction apparatus and a reproduction 
method> 

The reproduction apparatus of the third embodiment of the present 
invention is an apparatus for reproducing information data recorded on a 
medium having at least a diffraction grating layer for recording data and a 
core layer, and is characterized by including at least an optical head 
radiating incident light into the core layer set adjacent to the diffraction 
grating layer for recording data or binding a gap layer between them, and a 
photodetector detecting a reproduction beam outgoing from the diffraction 

grating layer for recording data. 

It is characterized by including a reproduction optical system being 
set on an optical path of the reproduction beam outgoing from the medium 
before coming into the photodetector, and forming an image from the 
reproduction beam outgoing from the medium As the medium, for example, 
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the medium of this embodiment of the present invention can be used. 

The reproduction method of this embodiment of the present 
invention is a reproduction methou reproduces information data recorded on 
a medium having at least a diffraction grating layer for recording data, a core 
layer, a recording layer and a recording mark, characterized by including at 
least radiating incident light from an optical head into the core layer set 
adjacent to the diffraction grating layer for recording data or binding a gap 
layer between them, and reproducing the information data recorded on the 
recording layer by detecting and reproducing a reproduction beam outgoing 
from the diffraction grating layer for recording data as patterns of 
brightness/darkness at a position of a photodetector corresponding to 
presence of recording marks. 

As the medium, for example, the medium of this embodiment of the 
present invention can be used. As the reproduction apparatus, for example, - 
the reproduction apparatus of this embodiment of the present invention can 
be used. 

Fig. 13 is a figure shows a structure of the reproduction apparatus of 
the embodiment of the present invention and a content of the reproduction 
method of the embodiment of the present invention. In this figure, a 
reproduction apparatus 5 is composed of an optical head 6 and a 
photodetector 7, and the optical head 6 has a function of radiating incident 
fight into a desired core layer 2 of (the medium 1. 

Same as the prior arts, when the incident light is radiated into the 
desired core layer 2, it is possible to read the information data recorded on 
the diffraction grating layer 4 (as the holographic data). 

There are methods for incidence of the incident light 8 to the core 
layer 2, such as a method of radiating from edge faces of the medium 1. a 
method of providing an optical connection portion at the core layer 2 and 
radiating from the upper aide or the lower side of the medium 1, and a 
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method of providing a mirror surface at each core layer 2 and radiating from 
the upper side or the lower side of the medium 1. These methods have the 
eame effects. The method of radiating from the edge face of the medium 1 
has an advantage in that it does not need to provide the optical connection 
portion, the mirror surface and the like at the medium 1. 

The optical head 6 has a source for generating the incident light 8, 
and for example, various laser light sources can he applied to the source. 
The optical head 6 is, for example, constructed hy comhining a mirror leading 
the light, optical components such as the collimator, a condenser lens havxng 
a function of condensing (focusing) the incident light 8 at the core layer 2, an 
actuator having a function (mechanism, servo function, or the like) of 
radiating the incident light 8 at a desired position and angle of the core layer 
2, and the like. 

. . ... ... -Itia appropriate that the reproduction apparatus 5-of -the 

embodiment of the present invention provides a photodetector for the servo if 
necessary. 

The photodetector 7 has a function of detecting the reproduction 
heam 9 outgoing from the medium 1. It is appropriate that it has a 
mechanism for shifting. It should be noted that it is required to shift the 
photodetector 7 and the medium 1 relatively, therefore, it is appropriate to 
provide a mechanism for shifting the medium 1 side. For example, it is 
possible to use two dimensional photodetector like a CCD, a CMOS and so on. 
one dimensional photodetector such aa a line sensor, a photodiode and the 
like. 

The reproduction beam 9 goes out as two dimensional data, therefore, 
the one dimensional photodetector. preferably the two dimensional 
photodetector, has an advantage in that it can detect it in a shorter time. 

It is appropriate that the reproduction apparatus 5 includes the 
reproduction optical system 300 on the optical path of the reproduction beam 
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9 outgoing from the medium 1 before going into the photodetector 9 if 
nece 8a ary. Fig. 13 shows a figure including the reproduction optical system 
300 (the same effects can be obtained when the reproduction optical system 

300 ia not included). 

The reproduction optical system 300 has a function of forming an 
inaage of the reproduction beam 9 outgoing from the diffraction grating layer 
4 and the diffraction grating layer for recording data 43 on the photodetector 
7. It is possible to construct the reproduction optical system 300 from, for 
example, various optical parts such as an aperture mask 302. a lene 301, a 
prism, a half mirror, a (polarized) beam splitter, a mirror, a polarizer, a 
liquid crystal device and the like and combinations of them. 

The aperture mask is provided on the way of an optical path of the 
reproduction beam 9 outgoing from the medium 1 before it is accepted by the 
photodetector.7, and it has a function of separating. and reproducing the 
reproduction beam 9 outgoing from each diffraction grating layer 4 if the 
xaultiplex information data is recorded on the diffraction grating layers 4. 
Using the aperture mask, it is possible to reproduce the information data of 
multiple screens of the photodetector 7 from one diffraction grating layer 4, 
therefore, it is possible to use the potential of the storage capacity of the 
m edium 1 to the max without a limitation in accordance with a number of 
pixels of the photodetector 7. 

In other words, there is an advantage in that it is possible to increase the 
storage capacity because the multiplex recording and the multiplex 
reproduction of the information data are possible. 

There are aperture masks such that it is made from the liquid 
crystal device and can electrically change the position of aperture, or it has a 
fixed aperture and the mask is shifted. The prior one does not need a 
xnechanical shifting, therefore, it is advantageous. It is appropriate that a 
number of the apertures being opened at a time is either one or more than 
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one. 



Hereafter, a reproduction operation of the reproduction apparatus of 
this embodiment is explained. When an incident light 8 is radiated from an 
optical head 6 into a core layer 2 adjacent to the diffraction grating layer for 
recording data, the incident light incoming into the core layer 2 is diffracted 
at the diffraction grating layer for recording data 43 and goes out as Cm a 
case of Fig. 13) the reproduction beam 9 upward. The recording mark 45 xs 
formed on the recording layer by the recording apparatus 52 and the 
recording method of the embodiment of the present invention. In the 
recording layer 45. for example, the reproduction beam 9 is transmitted at a 
point where the recording mark 45 is there, and is not transmitted at a pouxt 
where the recording mark 45 in not there. 

Therefore, a photodetector 7 detects a pattern of brightness/darkness 
corresponding to presence of the recording mark 45 on the recording layer 42. 
For example, when the information data which is specific to a medium 1 xs 
recorded corresponding to the presence (number, position, form and the hke) 
of the recording mark 45. then it is possible to detect and reproduce xt wxth 

the photodetector 7. 

A parallel beam as the reproduction beam 9 goes out from the 
diffraction grating layer for recording data 43. therefore, it is possible for the 
photodetector 7 to detect the pattern of the recording mark 45 formed on the 
recording layer 42 as it is (the presence and the position of the recordxng 
mark correspond to the brightness/darkness and the position on the 
photodetector with one to one relationship, and a relation of zooming xs also 
one to one). The structure of the reproduction apparatus 7 becomes 
especially easier when the reproduction optical system 300 is not provxded. 

On the other hand, when the information data on the diffraction 
grating for the recorded data is formed as the holographic data beforehand so 
as to form the image on the photodetector 7 by the reproduction beam 9 (vm 
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the reproduction optical system if it is provided) transmitted via the 
recording mark 45, same as described above, it is possible that the 
photodetector 7 detects the pattern of the recording mark 45 formed on the 

recording layer 42. 

In this case, generally, the reproduction beam is not a parallel beam 
and is a beam having various angles (it may have various phase and 
strength). In this case, there is an advantage in that the photodetector 7 
can detect the pattern of the recording mark 45 without being effected from 
the presence, kind, characteristics and the like of the reproduction optical 
system 300. 

The recording mark 45 is formed two-dimensionally on the recording 
layer 42 and works as the data for information. 

A two dimensional pattern of the brightness/darkness corresponding 
to the infor.mation.data of the recording layer is reproduced on the 
photodetector 7. When the reproduction beam 9 goes out from the 
diffraction grating layer for recording data 43 is a parallel beam, the size of 
the information data and the pattern of the brightness/darkness is 
(substantially) same, and the presence and the position of the recording mark 
correspond to the brightness/darkness and the position on the photodetector 
with one to one relationship. That is. A, B, C, ... in Fig. 14 are reproduced 
as A', B', C, ... in Fig. 15 with one to one correspondence. 

On the other hand, when the diffraction grating layer for recording 
data 43 is formed as the holographic data as described above, it is reproduced 
on the photodetector 7 in a same size, zoomed in or zoomed out. It is 
appropriate whether or not the presence and the position of the recording 
mark 45 on the recording layer 42 correspond to the brightness/darkness and 
its position on the photodetector 7 with one to one relationship. 

In other words, it is appropriate that the recording data refractive 
grating 43 is formed so as that one dot of brightness/darkness on the 
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photodetector 7 corresponds to one recording mark 46. multiple dots of 
brightness/darkness on the photodetector 7 correspond to one recording mark 
45, one dot of brightness/darkness on the photodetector 7 corresponds to 
multiple recording marks 45. or multiple dots of brightness/darkness on the 
photodetector 7 correspond to multiple recording marks 45 respectively. 

For example, when the holographic data of the diffraction grating 
layer for recording data 43 is formed so as that the reproduction beam 
outgoing from the A in Fig. 14 forms an image as A' in Fig. 16 and the 
reproduction beam outgoing from the B in Fig. 14 forms an image as B' in Fig. 
15 (repeated in the same manner*, it is possible that one recording mark 45 
corresponds to one brightness/darkness dot on the photodetector 7. 

Fig. 16 shows an example of construction in which the reproduction 
optical system 300 of the reproduction apparatus 6 in Fig. 13 composed of a 
lens.301 and an aperture mask 302. In this-casc-there is.a possibility that 
apertures of the aperture mask 302 and a gap between the apertures shade 
the reproduction beam 9. however, it is possible to form the image of the 
reproduction beam 9 on the photodetector 7 without problems when the 
apertures are in open state and the recording mark 45 on the recording layer 
42 is set in a manner of avoiding the gap between the apertures. 

Fig. 16 is an example that the medium 1 (recording layer 42) has 
larger area than the photodetector 7. and the information data i9 reproduced 
by zooming out with the reproduction optical system 300. By applying the 
large recording layer 42. there is an advantage in that it is possible to record 
more information data. By applying the small recording layer 42, there is 
an advantage in that the reproduction apparatus becomes cheaper and 
smaller because the photodetector 7 becomes smaller. 

By shifting the photodetector 7 and the reproduction optical system 
300 relatively with respect to the medium 1 if necessary, the reproduction 
beam 9 (information data) outgoing from the medium 1 having a large 
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recording surface can be reproduced easily and effectively by the 
photodetector 7, therefore, it is possible to increase the storage capacity 
(same for all embodiments). 

Fig. 17 shows an example of construction in a case that the 
reproduction optical system 300 of the reproduction apparatus 5 in Fig. 13 (in 
this example, composed of a lens 301 and an aperture mask 302) is integrated 
with the photodetector 7. The reproduction operation is same as described 
above. When the number of the apertures of the aperture mask is small, for 
example 1, there may be a case that it is not possible for the photodetector 7 
to reproduce all the information data as shown in Fig. 15. 

In this case, one brightness/darkness dot is reproduced 
corresponding to one recording mark 45 at a center or around it of the 
photodetector 7, therefore, by shifting an integrated portion of the 
.photodetector 7 and the reproduction optical system 300 in two dimensions 
(or one dimension) relatively (along with the surface of the medium l) with 
respect to the medium 1, it is possible to reproduce all the 
brightness/darkness dots corresponding to all the recording marks 45. 

This is an example of onel brightness/darkness dot, however, in a 
case of multiple, if it is not possible to reproduce all the information data in 
one time, similarly, by shifting in two dimensions (or one dimension), it is 
possible to reproduce all the brightness/darkness dots corresponding to all 
the recording marks 45 (it is same for all the embodiments). 

For example, when a photodetector longer than the width of the 
medium 1 as the photodetector 7 for reproducing (such as a line sensor made 
from CCD), as shown in Fig. 18 which is a plane figure showing the 
reproduction apparatus 5 in Fig. 17 from its top. there is two operation 
methods for reproducing the recorded information data. 

In accordance with an operation method of reproduction shown in 
Fig. 18(a), the incident light 8 is radiated into a predetermined core layer 
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allover the width of the medium 1. the photodetector 7 is set to the medium 1 
so as that the longer direction (y axis direction) of the photodetector 7 and the 
incident direction of the incident light 8 Cx axis direction) cross orthogonally, 
the photodetector 7 is shifted together with the lens 301 and open/close 
positions of the aperture mask 302 in parallel with the incident directum of 
the incident light 8 (a direction from left to right or right to left in Pig. 18(a). 
that is along with x axis), open/close of the aperture mask 302 is operated 
and the information data included in the reproduction beam at the 

corresponding position is read. 

In accordance with an operation method of reproduction shown in 
Fig 18(b). the incident light 8 is radiated into a predetermined core layer 
with a width that the photodetector 7 can receive the reproduction beam 
including the information data from the medium 1. the photodetector 7 is set 

to the medium lso as-that the longer direction (x- axis direction) of the 

photodetector 7 is in parallel with the incident direction of the incident hght 
8 (x axis direction), the photodetector 7 is shifted together with the incident 
light (that is. the optical head 6). the lens 301 and open/close positions of the 
aperture mask 302 perpendicularly (y axis direction) to the incident directum 
of the incident light 8 (from top to bottom (y axis direction) or bottom to top (y 
axis direction) in the figure). open*close of the aperture mask 302 is operated 
and the information data included in the reproduction beam at the 

corresponding position is read. 

When a two dimensional photodetector (such as an area sensor or an 

ima ge sensor made from CCD) smaller than the surface of the media 1 as the 

photodetector 7 for reproducing, as shown in Fig. 19 which is a plane figure 

showing the reproduction apparatus 5 in Fig. 17 from its top, there is two 

operation methods for reproducing the recorded information data. 

In accordance with the operating method shown in Fig. 19 (a), the 

incident light 8 is radiated from the optical head 6 to a predetermined core 
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layer (to x axis direction) overall the width of the media 1, the photodetector 
7 is shifted up and down (y axis direction, vertically) and right and left (x axxs 
direction, honzontally) together with the lens 301 and open/close positions of 
the aperture mask 302, open/close of the mask 302 is operated and the 
information data included in the reproduction beam at corresponding positxon 
is read. 

In accordance with the operation method shown in Fig. 19(b), the 
incident light 8 having same width as the photodetector 7 goes out (a axis 
direction) from a predetermined core layer, the photodetector 7 is shifted up 
and down and right and left together with the lens 301 and open/close 
positions of the aperture mask 302 while shifting the incident position of the 
incident light 8 (that is the optical head 6) up and down corresponding to 
shifting of the photodetector 7 up and down (y axis direction), open/close of 

themaek302.is operated W theinformation- data-included in-the 

reproduction beam at corresponding position is read. 

As described above, the reproduction apparatus of the present 
invention, using the one dimensional or two dimensional photodetector, by 
shifting the position of the photodetector relatively on one axis (up and down 
or right and left, vertically or horizontally) or on two axis (up and down and 
right and left, vertically and horizontally) one by one, the informal data 
recorded on the recording layer is partially read, combining the partially read 
information data, and the information data written in the recording layer (for 
example, the reproduction data of the identification number) is detected. 

It is appropriate that the one dimensional and the two dimens.onal 
photodetectors in Fig. 18 and Fig. 19 are combined in a constitution. 

In stead of the one dimensional or two dimensional photodetector 
above, it is appropriate that the photodetector including one pixel sensor 
ma de from one device of an optical sensor device such as a CCD. a photodxode 
or the like is shifted on two axis (up and down and right and left, vertxcally 



and UMOD « by one. the information data recorded on the rec.rd.ng 
layer is read per pixel by the pho.odetec.or. the read pixels are combined and 
tne information data (for example, the reproduction data of the identifies^ 
number) written in the recording layer is detected. 

Pig 20 and 21 show an embodiment (figure of side face) in which the 
information data (the reproduction data of the identification number) 
recorded in the recording layer is read by shifting the photodetector 7 along 
with one or two axis on the reading face of the medium 1. 

For example, in Fig. 20. an aperture mask 302 is used as the 
reproduction optical system, and this is an example that all aperture, of the 
aperture mask 302 are in open status. 

In Fig. 21. by shifting the photodetector 7 to the right/left, it is 
possible to catch the reproduction beam of the information data (ID 
. reproduction data) outgoing from the me dium-l-m return of the incident hght 

As shown in Fig. 20, it is not necessary to keep the apertures of the 
aperture mask 302 open in any time, it is appropriate to keep the apertures 
corresponding to the shifting position of the photodetector 7 open so that it 
can be operated that the reproduction beam can be detected by the 
photodetector 7. It does not regard whether or not other apertures havuag 
no correspondence to the position of the photodetector 7 are closed at thxs 
timing. 

Fi g : 21 shows an example of applying the aperture mask 302 and a 
lens to the reproduction optical system. 

A case is shown where a number of the apertures of the aperture 
naaek 302 is 1 and an apparatus is constituted to integrate the photodetector 
7. a lens 031 and the aperture mask 302. Therefore, it is possible to produce 

the reproduction optical system. 

In this reproduction apparatus, by shifting the reproduction optxeal 
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system constituted from the photodetector 7, the lens 301 and the aperture 
nxask 302 to the right/left (x axis direction) in Fig. 21. it is possible to catch 
the reproduction beam of the information data (ID reproduction data) 
outgoing from the medium 1 in return of the incident light 8. 

Fig. 14 and 15 show an example in which the pattern of the 
recording mark 45 of the recording layer 42 is same as or zooming in/out of (a 
similar figure) the pattern of the brightness/darkness dots. In the present 
invention when the presence and the position of the recording mark 45 on the 
recording layer 42 correspond to the presence and the position of the light on 
the photodetector 7, it does not regard whether or not it is a one to one 

correspondence as shown in Fig. 6 and 7. 

' Fig 22 and 23 show an example in which they are not corresponding 

in one to one relationship. For example, D in Fig. 22 and D' is Fig. 23. D is 
one A.however, corresponding D' i, three o... With respect to E in Fig. 22 
and E' in Fig. 23. E is two o and one A. however, in this example. 

corresponding E' is one o. 

As shown in these figure, it is not necessary that the numbers, the 
forms (0.0.A and the like) and the positions of the pattern of the recordxng 
ma rk 45 and the pattern of the brightness/darkness dots on the photodetector 
7 are corresponding in one to one relationship. By operating the the number, 
the forms (0.0.A and the like) and the positions of the pattern of the 
brightness/darkness dots on the photodetector 7 in accordance with the 
pattern of the recording mark 45, it is possible to obtain the same effects as 
the case of Fig. 14 and 15 even in such a case. 

Fig. 24 shows a constitute of the medium 1 of the third embodiment 
of the present invention and a constitute of the medium 1 having multiple 
recording layers 42 and diffraction grating layers for recording data 43. It xs 
omitted in Fig. 12. however, among the recording layers 42, the diffraction 
grating layers for recording data 43 and the like, it is appropriate that 
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m ultiple recording layers 42, diffraction grating layers for recording data 43, 
core layers 2, cladding layers 3, diffraction grating layers 4. gap layers 44, 
protection layers and the like are provided. 

The same effects can be obtained even when multiple recording 
layers and/or diffraction grating layers for recording data 43. For example, 
when the position of the recording mark 45 is shifted a little and formed m a 
manner such as the recording layer 42 at the bottom and the second from the 
bottom in Fig. 24, it is possible that only the overlapping portion of both of 
them works as the recording mark 46 practically and there is an advantage 
in that it is possible to form accurately and finely while avoiding limitatxons 
on the size of the recording mark 46 because of a recording accuracy or a 
resolution of recording of the beam radiation system 102, the electron beam 
radiation system 103 and the like of the recording apparatus 52. 

It is appropriate that all.(the. second recordinglayer 42 from the top- - 
in the figure) or a portion (the recording layer 42 at the top in the figure) of 
the recording layer 42 has transmittance (or is non-transmittance). 

When multiple recording layers 42 and/or the diffraction gratmg 
layers for recording data 43 are provided, even if one of the recording layers 
42 includes a recording error, it is possible to record in the other recording 
layer therefore there is an advantage to develop an available percentage. 

There is an advantage in that it is effective because it is possxble to 
provide one common mediuml (or part of this) available for various 
reproduction optical systems 300 (and reproduction apparatus 5) by proving 
various diffraction grating layers 43 for recorded data in the medium 1 (or 
part of it) adaptable for multiple reproduction optical systems 300 (and 
reproduction apparatus 5). 

When the multiple diffraction grating layers for recording data 43 
are provided, it is possible to provide multiple correspondence relationship 
between the pattern of the recording mark 46 and the pattern of the 
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orightnees/darknees dot, on the photnditactor 7 and more variation of 
trains and/or reproducing the data for information is can be obtained, 
therefore, tbere are advance such that more amount and variety of 
formation data can be obtained and it is possible to improve the aecurrty 
„hen they are applied to the information data specific to the medium. 

Numbers of compositional elements, such a. the optica! components 
or the elertromechanical components, of the recording apparatus 52 and the 
reproduction apparatus 5 described in this document can be one or more than 
one. and the same effects can be obtained. 

It is appropriate that as the compositional elements of the recording 
apparatus 52 and the reproduction spparatus 5. such as a medium loadrng 
aporture that is an apertur. for loading the medium 1. a medium loadrng 
space that is a space for loading the medium 1. a medium loading table 
Having .MtMtUt loading, holding, and ejecting-the medium 1 are 
provided. They have an advantage in that it is easy and stable to load the 
medium 1. There is s compositional element of the recording apparatus 52 
and the reproduction apparatus 6 such as a logic/control circurt. 

The logic/control circuit is a circuit having functions of operatmg 
digital signals and operating activation of an active devices such as the hght 
source, the beam radiation system, the photodetector. the liouid crystal 
device, various mechanisms of driving and the like explained in thrs 
specification. 

The recording apparatus 52 and the reproduction apparatus 5 shown 
in this document are just typical embodiments in the present invention, and 
by changing position of the compositional elements, combinxng the 
embodiments or mixing the embodiments, the same advantages can be 
obtained and they are involved in the scope of the present inventxon. 

Moreover, the same effects can be obtained not only when the 
reproduction apparatus is constituted in one body, but also constituted » two 
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„ r more bodies by separating a portion including the optical head 6 and a 
portion including the photodetector 1. 

When the partem of the recording mark 46 recorded on the recordrng 
layer 42 is same, it is possible to reproduce the different information data by 
forming different data on the diffraction grating layer for recording data 43. 

Therefore, it is poeaible to improve the security because it becomes 
difficult to find a correspondence between a visually recognized pattern of the 
information data of the recording mark 42 and the reproduced informal 

data. , * 

There i. an advantage in that it is possible to record and reproduce 

various information in accordance with combination* of the data formed on 
t he diffraction grating layer for recording data 43 and the pattern of the 
recording mark 46 recorded on the recording layer 42. 

As sbow»*bove, with respect to the medium (laminated holograph* 
medium) using the laminated hologram ROM. it is possible to record the 
information data to each medium, and it is possible to reproduce the recorded 
information data by using the reproduction apparatus for the lamtnated 

hologram ROM. 

<Fiftlr twelfth embodiments 

Fig. 25 is a side lace of the medium of the fifth embodiment. This 
m edium Id has basically th. same structure, characteristic and function as 
the medium 2b and lc shown in Fig. 7 and 8. 

Ths core layer 2. the diffraction grating layer for recording data 43 
„nd the recording layer 42 are adjacontly set from a position close to an 
incident side (side of the photodetector 7) of the reproduction beam 9. Same 
as Fig. 7 and 8. the recording mark 45 is formed on the recording layer 42 by 

the light or the electron heam. 

It should be noted that in this embodiment, while the recording 
m srk 45 is formed on the recording layer 42, the adjacent diffraction grattng 
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Uver for record data 43 is affected (form, changes of refractive mdex, 
removing), therefore, ae a result, the reproduction beam 9 does not outgo 
from the direction grating layer for recording data 43 adjacent to the formed 

recording mark 45. 

Upon reproducing, the brightness/darkness pattern of the 
reproduction beam 9 is detected by the photodetector 7 corresponding to the 
presence of the recording mark 45, therefore, it is possible to detect and 
reproduce the information data recorded on the recording layer 42. 

Fig. 26 is a side face of the medium of the sixth embodiment. This 
medium le has basically the same structure, characteristic and function as 
the medium 2b and 1c shown in Fig. 7 and 8. The core layer 2 and the 
diffraction grating layer for recording data 43 are adjacently set from a 
position close to an incident side (side of the photodetector 7) of the 
reproduce beam *, and^ 

works as the recording layer 42 too. Same as Fig. 7 and 8, the recording 
mark 45 is formed on the diffraction grating layer for recording data 43 (the 
recording layer 42) by the light or the electron beam. The recording mark 45 
(form, changes of refractive index, removing) is formed on the diffxactum 
grating layer for recording data 43 (the recording layer 42), and the 
reproduction beam 9 does not outgo from the diffraction grating layer for 
recording data 43 (the recording layer 42) on which the recording mark 45 xs 
formed. 

Upon reproducing, the brightness/darkness pattern of the 
reproduction beam 9 is detected by the photodetector 7 corresponding to the 
presence of the recording mark 45. therefore, it is possible to detect and 
reproduce the information data recorded on the diffraction grating layer for 
recording data 43 (the recording layer 42). 

Fig. 27 is a side face of the medium of the seventh embodiment, and 
this medium If is basically the same as Fig. 7 and 8. The same effects can 
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be obtained as shown in Fig. 25 and 26. 

In this embodiment, the diffraction gratings are produced as the 
holographic data beforehand in the diffraction prating layer for records . 
data 43 so that the dots of brightness/darkness forms on the photodetector 7. 
On the recording layer 42. in a portion without the recording mark 45. the 
reproduction beam 9 from the diffraction grating layer for recording data 43 
is shaded by the recording layer 42 and cannot reach to the photodete«or 7. 

On the other hand, after the recording mark 45 is formed, the 
reproduction beam 9 reaches to the photodetector 7 and is detected and 
produced by ,h. photfrrector 7 a. the dote of the brightness/darkness. In 
such manner, the presence of the r~ording mark 45 on the recording layer 
corresponds to the brightness/darkness dots on the photodet^tor 7. and tt . 
possible that the photodetector 7 detects and reproduces the information data 

r .cordedonthe-recordinglayer42. In this embodiment, the 

brightness/darkness on the photodetector 7 can be the fin. 
brightness/darkness dots having higher resolution, therefore, an advantage 
such as having larger storage capacity can be obtained 
teansmittal/non transmittal can be reverted, this is same for other 

embodiments) . 

Fig 28(a) is a side face showing a constitution of a medium of the 
eighth embodiment of the present invention and its reproduction apparatus. 
Thie medium Ig ie basically same as the other embodiment, described in th.s 
document. With respect to this medium Ig. the recording msrk 45 recorded 
on the recording layer 42 is formed in a real image on the photodetector 7 by 

a beam 204 from a light source 202 separately provided to the 
reproduction apparatus, and is detected and reproduced 

The diffraction grating layer for recording data 43 works as an 
image formation optical system such as an image formation lens or a concave 
mixror. This diffraction grating layer for recording data 43 can be obtained 
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by designing as, for example a hologram optical device. The diffiraction 
grating layer for recording data 43, when it works as the image formation 
lens, is set between the recording layer 42 and the photodetector 7, and when 
it works as the concave mirror, the recording layer 42 is set between the 
diffraction grating layer for recording data 43 and the photodetector 7. 

Fig. 28(b) ie a side face showing a constitution of a medium of the 
ninth embodiment of the present invention and its reproduction apparatus. 
Comparing to the medium Ig above, this medium lh is different because the 
diffraction grating layer for recording data 43 is not provided. With respect 
to this medium lh, the recording mark 45 formed on the recording layer 42 
according to the same theory in Fig. 28(a) is formed as a real image on the 
photodetector 7 and is detected and reproduced, and is formed in the image 
by using the image formation optical system 203 (such as an image formation 
lens)- separately provided to the reproduction-apparatus. In this case, the 
image formation optical system 203 is set between the medium lh and the 
photodetector 7. 

Fig. 28(c) shows another embodiment of the reproduction apparatus 
for the medium lh of Fig. 28(b). In this embodiment, as the image formation 
optical system 203a, a function of, for example, the concave mirror is applied. 
In this case, the constitution is such that the medium lh is set between the 
image formation optical system 203a and the photodetector 7. In this 
embodiment, the photodetector 7 can detect and reproduce the real image of 

the recording mark 46. 

As the image formation optical system 203a, not only a concave 
mirror or an image formation lens, but also an optical component that is a 
photodetector having the above described function of forming the real image 
by providing an image formation reflection lens, an image formation pin-hall 

or the like, can be applied. 

Fig. 29(a) is a side face of a constitution of a medium of the tenth 



embodiment of the present invention and its reproduction apparatus Tht, 
medium li is basically the same as the other madiums as described » thts 
document. The diffraction gratings are formed in the diffraction grating 
lay ,r for recording data 43 such that the incident light, for erample tn tma 
figure, comes into directly above (and/or downright) and in parallel. 

When the recording mark 45 ia formed, the incident Ught goes out 
directly above and downright in the same time. A reflection layer 206 ts 
provided under the recording layer 42 and when the reproduction beam 9 
Sees out downright, it is reflect and goes ou, directly above and comes mto 
ft. photodetector 7 finafly. The reproduction beam 9 from downright ia added 
to upward where the recording mark 45 ia present, on the other hand, on!y 
the reproduction beam 9 upward goes out where the recording mark 45 „ not 
present, therefore, it is brighter where the recording mark 45 is present. 
That is. it ia possible to detect and reproduce the present, of the recordmg 
mark 45 in accordance with the brightness/darkness of the reproduce 

beam 9 Fig. 29(b) ia a side face of a constitution of a medium of the eleventh 
embodiment of the present invention and its reproduction apparatus. In 
this medium Ij, the reflection layer 206 in Fig. 29(a) is separated from the 
medium li and it is provided as a reflection portion 207 at the reproduction 
.pparatue. The theory is the same a. in Fig. 29(a) and the same effects can 

be obtained. f 

There are production methods of producing the mediums above (the 

mediums of the fifth- eleventh embodiments). 

(1) A method of recording on the recording layer 42 after producing the 
medium including the recording layer 42 as one body. 

(2) A method of, as shown in Fig. 30. producing two bodies both a portion 11 
excluding the recording layer 42 and a portion 1-2 including the record^ 
layer 42, and producing a medium 13 in one body by adhering the portmn 



70 

1! excluding the recording layer 42 to the portion 1-2 including the recording 
!ayer 42 after recording upon the portion 1-2 including the recording layer 42. 
(3) A method of producing a portion 1-2 including the recording layer 42 and 
producing additionally a portion 1-1 excluding the recording layer 42 after 
recording on the recording layer 42. When a hole is generated on the 
recording layer 42. it ie easier when the recording layer 42 is exposed and * 
is better to produce in two bodies as described above. 

In other words, when applying the production methods of the 
m ediums, that is a method of forming two bodies, by using the exposed 
recording layer, recording the information data on the medium and after that 
adhering other layer (being recorded or storing information of the contents) 
formed independent*, it is possible to improve the freedom of selectmg 
materials and the production method, of the recording layer 42, to prevent 

,..^<h»-4«^ ta ^ ,, * W,,,,M '' 
reading recorded data. 

With respect to the medium 1, there are an using method in its own 
form, an using method in a case such as a package or a cartridge, an «su.g 
method in its own form adhering an label 200 (Fig. 6) on one side (from wh.ch 
the reproduction beam does not outgo) and eo on. 

Pig 31 is a figure seen from an oblique position showing a medrum 
of the twelfth embodiment. With respect to the medium Ik. a label 200 » 
adhered on one side. On the label 200. for example, informal, hke a 
eharacur or an image is printed or written. As shown in Fig. 31. -hen a 
!abel window 201 is proved on the label 200, the pattern of the recording 
m .rk 46 recorded on the recording layer 42 can be recognised by eyee (there 
are cases in which the recorded information can he recognized by eyes). 

It is pos^ble snch that when a light 204 (it is not necessary to use a 
parallel beam like a laser) by a light source 202 is coming into the medium Ik 
from lower side (in a position of the figure) and is received by a Ught 
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receive element 205 fa photoditeetor of a point, one dimension or two 
tensions) via an image formation optica! sys««m 203 such as an image 
nation .ens. the data recorded on the recording leyer can he read .as*, 

By applying a reading apparatus of the racorded data and/or a 
rca ding method shown in Fig. 3X. there is an advantage and/or an effect such 
that it is possible to read and,or detect information specific ,o the medtum 
MS ay without a recording and reproduction apparatus. 1= I* 31, * is 
poasihle to he upside down. It is natural* possible .hat the recorded 

,. „_ h. „«d and detacted'by using the 
information in the medium lk can be reaa anu 

reproduction apparatus above. 

A characteristic can be considered as an advantage such that ordy 
^cial reproduction apparatus cur reproduce corresponding to services even 
though the reproduction apparatus and the reproduction method above 
cannot he applied to ordinary apparatus. - 

For example, it is possible to improve a security while the contents are 
oi.tribu.ed (or circulated) in .he medium 1, because when a use brings .he 
medium X as secondhand to a shop buying it, a shop clerk checks « whether 
or no, it is registered aa a stolen goods or whether or not it is copied by 
coding data of identification number with a special reproduction apparatus 
while Hiding it from the user. 

As a construction „, layer, of the medium above of the embodiments 

in .he present invention, the gap layer and/or the cladding layer car. V 

. ,,,„„ k . .untested that there are 

inserted between the layers if necessary. It can be suggest. 

the cladding layers on the upper and/or lower surfaces. And « can be 

3Ug ges«d that there are no *e cladding layers on the upper and/or lower 

surface, The same operation and the effects can be obtained in all cases. 

It is appropriate that the compositional elements of the recording apparatus 

and the reproduction apparatus are provided as the compositional elements 

ott he medium, the package or.be cartridge, provided as compositional 



events conversely by exchanging compositional elements each other and 
the same effects can be obtained. 

As shown above, with reepect to the medium using the laminated 
hologram ROM. it is possibie to record the information data, and it is possible 
to reproduce the recorded information data by using the reproduced 
apparatus for the laminated hologram ROM. 

In the embodiments above, ae shown in Fig. 32. it is appropnate that 
when the medium 1 is seen as a plane, the diffraction grating layer for 
^corded layer can be provided only on an area including and overlapp-ng a 
portion where the recording layer is formed and at leas, the recording mark 
U recorded, in other words, it is appropriate that the recording .ayer and the 
diffraction grating layer for recording data are provided a portion of the 
medium 1 instead of overall its reading surface. 

When the diffraction grating layer for recording data is provided 
overall the reading surface of the medium X. a leakage of the light because of 
the diffraction grating layer for recording data is caused and a strength of the 
hght is reduced while the incident light 8 is transmitted through .he core 
.ayer, therefore, .here is a problem such that .he reproduction beam canno. 
obtain enough strength for reading. 

However, when the diffraction grating layer for recording data is 
provided at a portion of the reading surface that is a necessary portion, it * 
possible to reduce the leakage of the incident light 8 at the minixnuxn whne 
being transmitted in the core layer caused by the diffraction grating layer for 
recording data. 

As a result, comparing to a case of a constitution providing the 
diffraction grating layer for recording da* overall .he surface, i. is poseAte 
to preven. reducing .be strength of .he incident Ugh. 8 wbUe transmit.**, 
therefore, i. is possible to obtain an advantage «, provide .he reproduce 
beam with enough strength while reading because i. is poseible w proven. 
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reducing the strong* of the reproduction beam. 

Fr0 m a point of view with respect to controUing of reducmg of the 

Ught, it is possible to deeline the reduction of the incident Ught 8 wade 
^nsmittingbyredncingtheareaofthedittactiongratinglayerfor 

recording data from which the Ught is leaked, therefore', it is appropr,e« .n 
hothwaye of forming the recording layer overaU the reading surface of the 
medium and of forming only on a portion of area that can contain necessary 
amount of information for recording! the inform.tion data. 

However, aa shown below, it ie possible to recognise a posmon of a 
racording mark including an identification by eyes, in order to avoid reducu* 
the security and to avoid limiting the freedom of designing a label surface. 
„ preferable that .he recording layer is set at only a necessary poruon rather 
than setting overall the medium. 

Sam. as other mediumsfc'D (registered trademark), DVD.flaeh 
memory and the like), on one side (a side from which the bem for reproduce 
does not outgo, that is a label eurfoce) of the medium of the present invent 
. ahowing that indicates eubh a. what is recorded or stored as 

content information in the medium'ia .pressed with e*ceuent design. 

Such expression is achieved by printing the image data of shown* 
the content or adhering a sheet (paper, plastic or the like) on the label 
eurface, or by setting into a package or a cartridge made from plastics, metals 
and the like. 

When the recording layer is set overall the reading surface of the 
medium, the recording layer with Ught shading characterise is easily found 
arm the recording mark with transmittamcy (a portion having a hole) can be 

i^r. it in enervated and it is not easy 
recognized by eyes. Therefore, even when xt is encrypte 

■um+v tn he decrypted and there ie a possibility 
to be decrypted, there is a possibility to be decrypt 

that the security is decreased while distributing the content. 

The medium of the present invention has a characteristic, easily 



tanned because it transits (is made to transmit) the incident light and 
,„e reproduction beam without reducing, that it is optically transparent. 
Therefore, compare to conventional mediums, as a new memory. « gwes an 

image of the future. 

However, ae described above, when the recording layer is formed 
overall the reading surface of the medium, it loses the transmittance because 
the incident Ugh. is shaded by the recording layer therefore it reduces the 
effect of giving the image of the future. 

Especially when the image data showing the content is directly 
printed on the label surface of the medium, it is difficult to show it with 
exceUent design, therefore, there is a problem of causing a limitation on 
design. 

With respect to this problem, as described above, by setting 
(for.nmgX.tha recording-layer on only a portionof the ceding surface of the 
nredium at the minimum area for recording the information data, in some 
case, where it is formed, an user may not recognize the presence of the 
recording layer at alL In this case, by forming the diffraction grating layer 
for recording data corresponding to the position of the recording layer, rt ts 
possible to avoid leaking of the incident light 8 at the minimum and to 
improve the security and the design. 

It is possible to be disappeared by getting mixed the recording mark 
(position where drere is a hole) and the recording layer in a surface of the 
label that is, a position with highly shaded on the surface of the label, 
therefore, it is difficult to recognize a position of the recording mark recording 
the identification number and it is possible to increase the secunty. 

As described above, by getting mixed the recording layer in a destgn 
on the surface of the label, it is possible to determine a position of formrng the 
recording layer and the recording mark (the position where there is the hole), 
therefore, it is possible to avoid limitations on the design of the surface of the 
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label at the minimum. 

With respect to colors of the recording layer, there is no limitaaon 
except that i, should he possible to transmit the reproduction beam while 
reproducing. 

However, with respect to a step of recording the information data on 
the recording layer, for example considering of creating a hole by laser, upon 
selecting the material of the recording layer, there is a condition that xt 
should absorb the laser easily and it should be easy to be processed. 

As described above, various colors can be selected for the matenal of 
the recording layer, it can be applied to deexgn the surface of the label of the 
m edium, and there is an advantage in that the security is increased because 
the information data is inserted into while designing. 

For example, by setting a coloration of the recording layer » 
accordance with a coloration of the surface of the labeUt is possible to . 
increase an effect of disappearing or mixing the recording layer xnto the 
design of the surface of the label and it is possible to improve the design of 
the image data showing on the surface of the label. 

<an embodiment of an authentication sheet (a thirteenth embodiment 

An authentication sheet of the present invention is charactered by 
being constituted from, at least, one or more core layers; one or more 
diffraction grating layer, for recording data from which a reproduction beam 
goes out. provided on. under or in the core layer and formed with respect to a 
form or a refractive index distribution; and one or more recording layers 
provided adjacent to the core layer or the diffraction grating layer for 
recording data or provided while binding a gap layer between it and the core 
layer or the diffraction grating layer for recording data, and to whxch 
information data is expressed as presence of recording marks with or without 

transmittance of the light. 

It is characterized by forming the diffraction grating layer for 
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recording data such that a presence and a position of the recording mark on 
the recording layer are reproduced as a preeence and a position of a 
brightness/darkness of the light. 

It is characterized by providing a cladding layer on one side or both sides of 
the core layer or the diffraction grating layer for recording data. 

Fig. 33-36 are figures showing the side face (cross-section) of the 
authentication sheet 500 of the embodiments in the present invention. 
It is possible to apply the medium 1 shown in Fig. 7 and 8 as the 
authentication sheet of this embodiment by forming into a predetermined 

form of the sheet. 

Fig. 33 shows a constitution of the authentication sheet 500 of a first 
embodiment of the present invention. In this figure, the authentication 
sheetSOO is constituted from one-core layer 2, one diffraction grating layer 
for recording data 43 provided in the core layer 2 at the lower side surface of 
the core layer and a recording layer 42 provided adjacent to the core layer 2. 

Fig- 34 shows a constitution of the authentication sheet 500 of a 
second embodiment of the present invention. In this figure, the 
authentication sheet 500 is constituted from one core layer 2, one diffraction 
grating layer for recording data 43 provided in the core layer 2 at the lower 
side surface of the core layer and a recording layer 42 binding the gap layer 
44 between itself and the core layer 2. 

Fig. 35 shows a constitution of the authentication sheet 500 of a 
third embodiment of the present invention, and comparing to the 
authentication sheet of the first embodiment shown in Fig. 33, this is an 
example of a constitution in which the cladding layers 3 are provided under 
the diffraction grating layer for recording data 43 and on the recording layer 
42. 

Fig. 36 shows a constitution of the authentication sheet 500 of a 
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fourth embodiment of the present invention, and comparing to the 
authentication sheet of the second embodiment shown in Fig. 34, this „ an 
example of a constitution in which the cladding layer 3 is provided under the 
d^actiongratiuglayerforrecorfingd^. Both o«hem have the same 

effects or advantagee. 

Fig 7 shows an authentication sheet using the medium of the 
present invention, and comparing to the authentication-sheet of the third 
enb „diment shown in Fig. 35. this is an example of a constitution in wh-ch. 
,ame as the prior art, the diffraction grating layer 4, the core layer 2 and the 
cladding layer 3 are provided on ihe cladding layer 3. 

Similarly, Fig. 8 shows an authentication sheet using the m.fcum of 
the present invention, and comparing to the authentiction sheet of the 
fourth embodiment shown in l4 36. this is an example of a constitution >n 
...whicKaame a. the-prior art, thej cladding layer 3, the diffraction grating 
layer 4. the core layer 2 and the fcladding layer 3 axe provided on the 

i 

recording layer 42. ; 

As shown in such manors, if necessary, the same effects or 
advantages can he obtained whel one or more core layers 2, two or more 
cladding layers 3 set so as to bin|d the core layer 2 and bne or more diffracts 
grating layers 4 set at a boundajy between the core Isyer 2 and the claddmg 
layer 3 or inside the core layer axe provided. 

At the diffraction grating layer 4 of Fig. 33 361 same as the above 
described embodiments, the information data is stored as, for example, a 
bumpy form or a refractive inde^ distribution (and as the holographic data). 
Same as the mediums of the abfe described embodiments, in the 
authentication sheet 500, there lare the same effects and advantages when 
applying not only one recordingjlayer 42, but also multiple. Same as the 
mediums of the above described! embodiments, in the authentication sheet 
500, there are the same effects knd advantages not only when the diffractxon 



gating layer 4, the record*. layeV 42 and the core layer 2 are set to he 
accent directly, hut also when tie gap layer 44 is provided among them. 

A resin, a glass, an optical crystal and the like can be need for 
m aterials of the core layer 2 and the cladding layer 3, and for the gap layer 
44 the materials having the sarai characteristics (the resin, the glass, the 
optical crystal and the like) can hi need. The core layer 2 has a thickness of 
.ubstanttaUy 1 pm and the claddLg layer 3 has a thickness of substantially 
10 pm. The diffraction grating llyers 4 can he set at two points that are on 
and under the core layer 2. It is! necessary that the refractive index of the 
core layer 2 is .erger than that of! the cladding layer 3. The recording layer 
42 as described in the third andlthe fourth embodiments of the medtum, to 
which information data is recordld as presence of recording marks with or 
without transmittance of the light. The materials having functions of 

the optical characterise such as the form, the refractive index 
and the like upon receiving the light (including infrared light, visih.e ray 
ultraviolet light, laser, X-ray. electron beam and the like) or the heat and as a 
re .ult, changing to have or not t have transmittance of the light (inching 
changes such as transmittanc^n-transmittance, with/without holes and 

tne like), can be used. • 

For example, a material having characteristics of changing from 
nontransmittance to transmittance (or the converse), disappearing by 
changes of the fcrm/sublimatioti (having a hole) can be used (a mark made on 
the recording layer in such mariter ia called recording mark 46). 

It is appropriate to dedne the transmittal part as the records mark 
or the non transmittance part, j In this document, many descriptions are 
using the transmittal part as a 'recording mark however the same effect can 
be obtained if the nontransmittance part is used. In this case, the 
description of this document should be changed appropriately such as 
changing brightness/darkness it brightness/darkness dots, and they are 
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included in the scope of the embodiment (same in all the embodiments). 

The concrete materials u'ped for the recording layer 42 are, same as 
the medium of the third and the fourth embodiments, a .metal (aluminum, 
chrome and so on), an oxide (chroWe oxide, silver oxide and the like), a 
semiconductor (antimony and the| like), a resin CUV curing resin, thermoset 
resin and the like, or fulleren or Coloring matter is doped to the resin), an ink, 

a paint, paper and the like. I 

Fig. 33 shows an example of constitution excluding the gap layer 44 
and Fig. 34 shows an example of 'constitution including the gap layer 44, 
however, both of them have the slame effects and advantages. 

It is appropriate that the recording layer 42 is iset at a side of the 
recording data diffraction grating layer 43 from which ihe reproduction beam 
goes out (a side to which the photodetector 7 is set with respect to the 
authentication sheet 600), and iJ is not affected by. providing, a-layor-except 
for the gap layer 44 between theirecording layer 42 and the recording data 
diffraction grating layer 43, for example, the core layer 2. the cladding layer 3 
or the diffraction grating layer 4l 

It should be noted thatjin ordinary cases, the information data is 
etored at the diffraction grating layer 4 therefore, in order to reproduce it, it 
is better not to set the diffractioJi grating layer 4 between the recording layer 
42 and the recording data diffraction grating layer 43 (because the recording 
layer 42 and the recording data diffraction gating layer 43 shade the 
reproduction beam 9 from the diffraction grating layerl 4 and it is impossible 
to reproduce the information data included in the diffraction grating layer 4). 

The recording data diffkction grating layer 43 formed with the form 
or the refractive index distribution and from which the reproduction beam 
goes out. The recording data diffraction grating layer 43 has the same 
characteristics as the diffraction grating layer 4. and the incident light 8 
came into the adjacent core lay4r 2 goes out as the reproduction beam 9 
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because of the bumpy form or the refractive index distribution. An angle of 
the outgoing reproduction bean* 9 jcan be, for example, ri B ht above, that .s 
hoth forward against the incidentbght 8 iron, the optica! head 6 attd 
backward with against the incident Ught 8 from the optical head 6, or * can 
be a paraUel beam or can be a mixture of beams with various angies. 

Aa shown in the reproduction apparatus and the reproduce 
met hod of the embodiments in thi present invention explained below, 
appropriate that the recording daU diffraction grating layer 43 is formed so 
as that the presence and the pos^n of the recording mark 45 on the 
recording layer 42 correspond to V brightness/darkness and the posttion of 
the light on the photodetector 7. j 

It is appropriate that the, presence and the position of the recording 
^ 45 on the recording layer 42 correspond to the brightness/darkness and 
. t be.pomtionotthe.lrghtonthepb^^ 
without one-to-one relationship necessarily. 

I„ other words, it is appiopriate that the recording data refractive 
grating 43 is formed so as that one dot of brightneee/darkness on the 
photodetector 7 correspond, to one recording mark 45. multiple dots of 
brightness/darkness on the photodetector 7 correspond to one recording mark 
46 on. dot of brightness/darkness on the photodetector 7 corresponds to 
mul tiple recording marks 45, or multiple dots of brightnessmarknees on the 
photodetector 7 correspond to multiple recording marks 45. 

There are two production methods of the authentication sheet 500 
re me ss the third and the fourth! embodimsnts of the medium, it can be 
produce by recording on the recording layer 43 after producmg the 
authentication sheet 500 including the recording layer 42 as one united body, 
producing two bodies such as on* portion including the recording .ayer 42 
and another portion without theirecording layer 42 and unifying at last by 
adhering another portion without the recording layer 42 to one portion 
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including the recording layer 42 after recording on the recording layer 42, 
and recording on the recording layer 42 of a portion including the records 
Jnyer 42 and producing by adding on other portions without the recordmg 

portion 42. j 

With respect to the authentication sheet 500, there are an uemg 
me thod in its own form, an using! method in a case such as a package or a 
cartridge, an using method in its] own form adhering an label on one sxde 
(from which the reproduction helm does not outgo) and so on. 

It is appropriate that tfaj. compositional elements of the recording 
apparatus and the reproduction Apparatus are provided as the composxUonal 
elements of the authentication sheet, the package or the cartridge (providing 
compositional elements conversdty. or exchanging compositional elements 
each other), the same effects can! be obtained. 

It is appropriate in the Uructure of the authentication sheet 500 of 
the present invention that the g*P layer, the cladding layer or a protection 
layer are inserted between the liyers, and the same functions and effects can 
be obtained whether or not thesis the cladding layer or the protection layer 
on an upper side or lower side surface. 

Fig 37 shows an embodiment in which the authentication sheet 500 
of the present invention is adhered to a card 11. The authentication sheet 
500 can be adhered overall or a portion of the card 11 on an upper surface, a 

lower surface or inside of it. 

It is sppropriate that tie authentication sheet 500 works alone, or as 
described below in "An examplelof an application field applying the present 
invention", it is appropriate that the authentication sheet 500 work, while 
being adhered to something other such as a card or a sticker (not banted to 
some thing thin Uke a card or a sticker, but including something in a block 
shape). 

In the embodiments of the present invention, in many cases only the 
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authentication sheet 500 is drawk however, in such embodiments, the scope 
of the present invention includes jnot only the authentication sheet 500 alone 
but also something to which the Authentication sheet 500 is adhered as 
shown in Fig. 37. That is, it is Appropriate that the authentication sheet 
500 of the present invention inserted into the recording apparatus and/or the 
reproduction apparatus works alone, and it is appropriate that the 
authentication sheet 500 works 4hile being adhered to something other such 
as the card 11. 

<an embodiment of the authentication sheet (a recording apparatus and a 

recording method of a thirteenth! embodiment^ 

The recording apparatul of the embodiment of the present invention 
is an apparatus which records the information data to the authentication 
sheet including at least a recording layer, and is characterized by including 

at least a beam radiation system! having functions crfradiating-abeamonto 

the recording layer and drawing|or projecting the information data as a 
whole or an electron beam radiakon system having functions of radiating an 
electron beam onto the recordinglayer and drawing or projecting collectively 
the information data For the authentication sheet, for example, it is 
possible to apply the authentication sheet of the embodiments of the present 
invention. 

The recording method cjf the present invention is a recording method 
of recording the information data to a medium providing at least the 
recording layer using a recording apparatus providing at least the beam 
radiation system or the electronibeam radiation system, and is characterized 
by recording the information data by drawing or projecting as a whole on the 
recording layer corresponding to *he presence of the recording mark having 
transmittance or non-transmittance of the light using the beam radiation 
system or the electron beam radiation system. 

As the authentication aheet, it is possible to apply the authentication 
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sheet of the embodiment* of the Resent invention. For the records 
apparatus, for example, it is possible to apply the recording apparatus of the 
embodiments of the present invention. 

Fig 38 and 39 show a sttucttre (side face) of a recording apparatus 
52 of this embodiment of the preJent invention. In Fig. 38 the recording 
apparatus 52 is composed of a beam radiation system 102 that has a function 
of radiating a beam 93 and drawing on the recording layer 43, and in Frg. 9C, 
the recording apparatus 52 is ccnpo"* <* » ^ 
103 that ha, a function of rsdiatihg an electron beam 94 and drawing on the 

recording layer 43. 

When the recording portion 42 of the authentication sheet 500 
includes holes, it is easier to cxeite holes if the recording layer 42 is exposed 
Fi B . 38 shows an example of the Authentication sheet 500 having the 
xecordingJayex-^^^ 

authentication sheet 500 providing the cladding layer 3 set on the record^ 

layer 42. i 

With respect to the autWication sheet 500, it is appropriate that .t 

is proaU ced by recording after combining a portion including the recording 

layer 42 and a portion excluding the recording layer 42, and by adhenng a 

portion excluding the recording jayer 42 after recording to a portion including 

the recording layer 42. 

In Fig. 38 and 39, the same effects are obtained even when the beam 
93 and the electron beam 94 are| exchanged and the beam radiation system 
102 and the electron beam radiation system 103 are exchanged. 

Hereafter, a recording operation of the recording apparatus 52 xs 
explained. Upon recording, using the beam radiation system 102 or the 
electron beam radiation system! 103. positions having transmittance or 
non-transmittance with respect to the beam or the electron beam (the 
recording mark 45: including tr^nsmittance/non-transmittance. witWw.thout 



84 



holes and the Ufa) are drawn or pruiected as a whole using the spatial ught 
m odulator on the recording layer 42. In accordance with the presence of the 
recording mark 45 (number, position, shape and the like), it is possible to 
record the information data on the recording layer 42. The shape, the 
changes of the refractive inde*. removal (hole) and the like of the recording 
layer 42 have functions of the recording mark 45. 

As the beam 93, infrared light, ultraviolet light, a laser, X-rays, or 
the Ufa can be applied. It is appropriate that the beam radiation system 
102 and the electron beam radiation system 103 have compositional elements 
of the optical parts, par,, for thelelectron beam and the Uke euch as a lens, a 
collimator and the like if necessary. 

It is appropriate that the beam radiation system 102, the electron 
„eam radiation system 103 and the authentication sheet 500 changes th.tr 
angles and positions relatively if necessary, therefore, it-is appropnate that 
they have shifting mechanism and functions in one, two or three dimeneron. 

Moreover, it is appr^riat. that the recording apparatus 52 has the 
optical head 6. photodetector 7 afcd the like of the reproduction apparatus 
ehown in Fig. 40. and has compositional elements or functions that the 
reproduction apparatus 5 of the 'present invention such as an aperture mask, 
a reproduction optical system, an authentication sheet supporting pomon rf 
necessary. 

Other than a method of recording on the recording layer 42 by usmg 
the beam 93, the electron beam 94 and the like, it is possible «o record by 
printing an ink. a paint and the like in accordance with desired pattern on 
the authentication sheet 500 using various printing techniques such as an 
inkjet printing, a laser printing, a screen printing and the Ufa. 

It is possible to use a method of adhering a label of paper, ink or 
resin on the authentication sheet 500 and printing a recording pattern on 
or a method of adhering the label to which the recording partem is already 
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printed on the authentication sheet 500. This is included in the scope of the 

preseat invention too. 

Moreover, in addition to the beam 93, the beam radiation system 102, 
the electron beam 94 and the electron beam radiation system 103, the ion 
beam and the source of the ion beam are useful. They are, and the 
combinations of above described elements, for example, a method of spraying 
the ink or paint in accordance with the printing technology and recording by 
radiating the beam 93, the electron beam 94 or the like, are included in the 

scope of the present invention. 

With respect to a medium and a recording method, there is a 
me chanism or a method in order to achieve high accuracy upon a form and a 
position of a processing spot of the recording mark 45. it is possible to operate 
the spot form and the spot position with high accuracy by applying the 
xnedium and the recording method of observing the surface being processed 
from the down side of a sample (authentication sheet 500) and it has an 
advantage. 

It is possible to record the information data on the authentication 
sheet 500 by using the recording! apparatus which records on the medium 
shown in Fig. 12. In this figure, the beam radiation system 102 (or the 
electron beam radiation system); for example, has a function of radiating the 
beam 93 and operates recording lof the information data in a same manner 
that has been already explained! as a recording operation of the medium 1 by 
xnoving vertically (along with the optical axis of the beam) and scanning wxth 
the beam or the radiation system itself in one dimension or two dimension on 
the inside surface of the medium 1 as the authentication sheet 500. 
<an embodiment of an authentication sheet (a thirteenth embodiment of a 
reproduction apparatus and a reproduction method)> 

The reproduction apparatus of the embodiment of the present 
invention is an apparatus for reproducing information data recorded on a 
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m edium bavins « least a diffraction grating layer for recording data and a 
core layer, and is characterized by including at leas, an optica! head havtug a 
action of radiating incident light into tbe core layer sot adjacent to tbe 
diffraction grating layer for recording data or binding a gap layer between 
them, and a photodetector detecting a reproduction beam outgoing from the 
diffraction grating layer for record^ data. For the authentication sheet, « 
i9 pose.ble to use the authentication aheet of the embodiment, of the present 
invention. 

The reproduction method of this embodiment of the present 
invention is a reproduction method reproduces information data recorded on 
„ authentication sheet having at lea* a diffraction grating layer for 
recording data, a cere layer, a recording layer and a recording mark, 
characterized by including at least radiating incident light from an optica! 
headinto the corner eet adjacent to the-^ctiongrating layer fox 
recording data or binding a gap layer between them, and reproducing the 
information data recorded on the, recording layer by detecting and 
reproducing a reproduction beam outgoing from the diffraction grating layer 
for recording data as patterns of brightnesa/darkneee at a posrtion of a 
photodetector corresponding to presence of recording marks. For the 
authentication sheet, ,t is possible to us. the authentication sheet of tbe 

embodiments of the present invention. For the reproduction apparatus, tt » 

, , . .,-.♦„* Af the embodiments of the present 

possible to use the reproduction apparatus ot tne emoo 

invention. „ 
Fig 40 is a figure show, a structure of the reproduction apparatus of 

the embodiment of the present invention and a content of the reproduce 

nrethod of the embodiment of the present invention. In tins figure, a 

reproduction apparatus 6 is composed of an optical head 6 and a 

photodetector 7. and the optical head 6 has a function of radiating incdent 

Ugbt into a desired core layer 2 of the authentication sheet 500. 
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When the authentication sheet 500 has the diffraction grating layer 
4, same as the prior arts, when the incident light is radiated into the core 
layer 2 adjacent to the diffraction grating layer 4, it ia possible to read the 
information data recorded on the ^diffraction grating layer 4 (as the 

holographic data). 

There are methods for incidence of the incident light 8 to the core 
layer 2, such as a method of radiating from edge faces of the authentication 
sheet 500, a method of providing an optical connection portion at the core 
layer 2 and radiating from the upper side or the lower side of the 
authentication sheet 500, and a method of providing a mirror surface at each 
core layer 2 and radiating from the upper side or the lower side of the 
authentication sheet 500. These methods have the same effects. The 
method of radiating from the edge face of the authentication sheet 500 has an 

.advantages that-it does not neeid to provide-the. optical connection portion 

the mirror surface and the like at the authentication sheet 500. 

The optical head 6 has a source for generating the incident light 8, 
and for example, various laser light sources can be applied to the source. 
The optical head 6 is, for example, constructed by combining a mirror leading 
the light, optical components such as the collimator, a condenser lens having 
a function of condensing (focusing) the incident light 8 at the core layer 2, an 
actuator having a function (mechanism, servo function, or the like) of 
radiating the incident light 8 at a desired position and angle of the core layer 
2, and the like. It is appropriate that the reproduction apparatus 5 of the 
embodiment of the present invention provides a photodetector for the servo if 
necessary. 

The photodetector 7 has a function of detecting the reproduction 
beam 9 outgoing from the authentication sheet 500. It is appropriate that it 
has a mechanism for shifting. It should be noted that it is required to shift 
the photodetector 7 and the authentication sheet 500 relatively, therefore, it 
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is appropriate to provide a mechaksm for shifting the authentication sheet 
500 side. For example, it is possible to uae two dimensional photodetector 
Uie a CCD. a CMOS and so on, one dimensional photodetector such as a toe 

sensor, a photodiode and the like. 

The reproduction beam 9 goes out as two dimensional data, therefore, 
the one dimensional photodetector, preferably the two dimensional 
photodetector, has a. advantage in that it can detect it in a shorter tune. 

It is appropriate that the reproduction apparatus 5 includes the 
reproduction optical system 300 on the optical path of the reproduction beam 
9 outgoing from the authenticatidn sheet 500 before going .nto the 
photodetector 9 if neceseary. Fig. 41 shows a constitution inctotog the 
reproduction optical system 300 (the same effects can be obtained when the 
reproduction optical system300 is not included). 

The reproduction optical system 300 has a function of fcrnung an 
image of the reproduction beam 9 outgoing from the diffraction grating laysr 
4 and the diffraction grating layer for recording data 43 on the photodetector 
7 1, is possible to construct the reproduction optical system 300 from, for 
example, varioua optical parte such as an aperture mask 302, a lens 301. a 
prism, a half mixror, a (polarized) beam splitter, a mirror, a polamer. a 
li,uid crystal device and the like and combinations of them. 

The aperture mask ia provided on the way of an optical path of the 
reproduction beam 9 outgoing from the authentication sheet 500 before it ,s 
accepted by the photodetector 7,iand it has a function of separating and 
reproducing the reproduction beam 9 outgoing from each diffraction grating 
layer 4 if the multiplex information data (including contents and the bke) is 
recorded on (when the authentication sheet 500 has the diffraction grating 
Uyer 4) the diffraction grating layers 4. Using the aperture mask, tt xe 
possible to reproduce the information data of multiple screen* of the 
photodetector 7 from one diffraction grating layer 4. therefore, it is possible 
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use the potential of the storage capacity of the authentication sheet 500 to 
the max without a limitation in accordance , with a number of pixels of the 
photodetector 7. In other words,; there is an advantage in that it is possible 
to increase the storage capacity because the multiplex recording and the 
multiplex reproduction of the information data are possible. 

There are aperture masks such that it is made from the liquid 
crystal device and can electrically change the position ofaperture, or it has a 
fixed aperture and the mask is shifted. The prior one does not need a 
mechanical shifting, therefore, it is advantageous. It is appropriate that a 
number of the apertures being opened at a time is either one or more than 



one. 



Hereafter, a reproduction operation of the reproduction apparatus of 
this embodiment of the present invention is explained. When an incident 
light.8 is radiated from an optical head 6 into a core layer .2 adjacent to the 
diffraction grating layer for recording data, the incident light incoming into 
the core layer 2 is diffracted at the diffraction grating layer for recording data 
43 and goes out as (in a case of Fig. 40 and 41) the reproduction beam 9 
upward. The recording mark 45 is formed on the recording layer by the 
recording apparatus 52 and the recording method of the embodiment of the 
present invention. In the recording layer 45. for example, the reproduction 
beam 9 is transmitted at a point where the recording mark 45 is there, and is 
not transmitted at a point where .the recording mark 45 in not there. 

Therefore, a photodetector 7 detects a pattern of brightness/darkness 
corresponding to presence of the recording mark 45 on the recording layer 42. 
For example, when the information data which is specific to a authentication 
sheet 500 is recorded corresponding to the presence (number, position, form 
and the like) of the recording mark 45, then it is possible to detect and 
reproduce it with the photodetector 7. 

A parallel beam as the reproduction beam 9 goes out from the 
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diffraction grating layer for recording data 43. therefore, it ie possible for the 
photodetector 7 to detect the pattern of the recording mark 45 formed on the 
recording layer 42 as it is (the presence and the position of the recording 
mark correspond to the brightness/darkness and the position on the 
photodetector with one to one relationship, and a relation of zooming is also 
one to one). The structure of the reproduction apparatus 7 becomes 
especially easier when the reproduction optical system 300 is not provided. 

On the other hand, when the information data on the diffraction 
grating for the recorded data is formed as the holographic data beforehand so 
as to form the image on the photodetector 7 by the reproduction beam 9 (via 
the reproduction optical system if it is provided) transmitted via the 
recording mark 45, same as described above, it is possible that the 
photodetector 7 detects the pattern of the recording mark 45 formed on the 
. recording layer.42. In this caeefgeneraa y , the -reproduction beam is not a - 
parallel beam and is a beam having various angles (it may have various 
phase and strength). In this case, there is an advantage in that the 
photodetector 7 can detect the pattern of the recording mark 45 without 
being effected from the presence, kind, characteristics and the like of the 
reproduction optical system 300. 

Referring to Fig. 14 and! Fig. 15, above things are describes. Fig. 14 
ahows the embodiment of the recording layer 42 and Fig. 15 shoes the 
embodiment of the photodetector 7. In Fig. 14, the recording mark 45 is 
formed two dimensionally on the recording layer 42 and works as the data for 
information. 

As shown in Fig. 15, a two dimensional pattern of the 
brightness/darkness corresponding to the information data of the recording 
layer is reproduced on the photodetector 7. When the reproduction beam 9 
goes out from the diffraction grating layer for recording data 43 is a parallel 
beam, the size of the information data and the pattern of the 
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brightness/darkness is (substantially) same, and the presence and the 
position of the recording mark correspond to the brightness/darkness and the 
position on the photodetector with one to one relationship. That is, A. B, C, 
... in Fig. 14 are reproduced as A'. B\ C\ ... in Fig. 15 with one to one 
correspondence. 

On the other hand, when the diffraction grating layer for recording 
data 43 is formed as the holographic data as described above, it is reproduced 
on the photodetector 7 in a same size, zoomed in or zoomed out. It is 
appropriate whether or not the presence and the position of the recording 
mark 45 on the recording layer 42 correspond to the brightness/darkness and 
its position on the photodetector 7 with one to one relationship. 

In other words, it is appropriate that the recording data refractive 
grating 43 is formed so as that one dot of brightness/darkness on the 
photodetector. 7 corresponds to one recording mark 45, multiplexes of 
brightness/darkness on the photodetector 7 correspond to one recording mark 
45, one dot of brightness/darkness on the photodetector 7 corresponds to 
multiple recording marks 45. or multiple dots of brightness/darkness on the 
photodetector 7 correspond to multiple recording marks 45. 

For example, when the holographic data of the diffraction grating 
layer for recording data 43 is formed so as that the reproduction beam 
outgoing from the A in Fig. 12 forms an image as A' in Fig. 7B and the 
reproduction beam outgoing from the B in Fig. 6B forms an image as B' in Fig. 
7B (repeated in the same manner), it is possible that one recording mark 45 
corresponds to one brightness/darkness dot on the photodetector 7. 

It is possible to apply Fig. 16 that is an apparatus for the medium 1 
to the authentication sheet 500. and in such case, this Fig. 16 shows an 
example of construction in which the reproduction optical system 300 of the 
reproduction apparatus 5 in Fig, 41 composed of a lens 301 and an aperture 
mask 302. In this case, there is a possibility that an aperture of the 
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aperture mask 302 and a gap between the apertures shade the reproduction 
beam 9. however, it is possible to form the image of the reproduction beam 9 
on the photodetector 7 without problems when the aperture is in an open 
state and the recording mark 45 on the recording layer 42 is set in a manner 
of avoiding the gap between the apertures. 

Fig. 16 is an example that the authentication sheet 500 (that is, the 
recording layer 42 of the mediunvl) has larger area than the photodetector 7. 
and the information data is reproduced by zooming out with the reproduction 
optical system 300. By applying the large recording layer 42, there is an 
advantage in that it is possible to store more information data. By applymg 
the small recording layer 42. there is an advantage in that the reproduction 
apparatus becomes cheaper and smaller because the photodetector 7 becomes 
smaller. 

By -shifting the photodetector 7 and the reproduction optical system- 
300 relatively with respect to the authentication sheet 500 if necessary, the 
reproduction beam 9 (information data) outgoing from the authentication 
sheet 500 having a large recording surface can be reproduced easily and 
effectively by the photodetector % therefore, it is possible to increase the 
storage capacity (same for all embodiments). 

It is possible to apply Fig. 17 showing the reproduction apparatus of 
the medium 1 to the authentication sheet 500, and this Fig. 17 shows an 
example of construction in a case that the reproduction optical system 300 of 
the reproduction apparatus 5 in Fig. 41 (in this example, composed of a lens 
301 and an aperture mask 302) is integrated with the photodetector 7. The 
reproduction operation is same as described above. 

When the number of the. apertures of the aperture mask is small, for 
example 1. there may be a case that it is not possible for the photodetector 7 
to reproduce all the information data as shown in Fig. 15- 

In this case, one brightness/darkness dot is reproduced 
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corresponding to one recording mark 46 at a center or around it of the 
photodetector 7, therefore, by shifting an integrated portion of the 
photodetector 7 and the reproduction optical system 300 in two dimensions 
(or one dimension) relatively (along with the surface of the authentication 
sheet, that is the medium l) with respect to the authentication sheet 500, it 
is possible to reproduce all the brightness/darkness dots corresponding to all 
the recording marks 45. 

This is an example of one brightness/darkness dot, however, in a 
case of multiple, if it ie not possible to reproduce all the information data in 
one time, similarly, by shifting in two dimensions (or one dimension), it is 
possible to reproduce all the brightness/darkness dots corresponding to all 
the recording marks 45 (as described in Fig. 18-21, it is same for all the 
embodiments) . 

Eig. 14 and 15 show an example in which the pattern of the 
recording mark 45 of the recording layer 42 is same as or zooming in/out of (a 
similar figure) the pattern of the brightness/darkness dots. In the present 
invention when the presence and the position of the recording mark 45 on the 
recording layer 42 correspond to the presence and the position of the light on 
the photodetector 7. it does not regard whether or not it is a one to one 
correspondence as shown in Fig. 14 and 15. 

An example in which they are not corresponding in one to one 
relationship has been explained referring to Fig. 22 and 23, therefore, 
detailed explanation is omitted. 

It is possible to apply the' constitution of the medium shown in Fig. 
24 to the constitution of the authentication sheet 500. and Fig. 24 shows a 
constitute of the authentication sheet 500 in a case of having multiple 
recording layers 42 and diffraction grating layers for recording data 43. It is 
omitted in Fig. 24, however, among the recording layers 42, the diffraction 
grating layers for recording data 43 and the like, it is appropriate that 



or 
re 
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brightness/darkness dote on the photoditector 7 and more variation of 
recording and/or reproducing the data for information is can be obtained, 
therefore, there are advantages such that more amount and variety of 
information data can be obtained and it is possible to improve the security 
when they are applied to the information data specific to the authentication 
sheet. 

Numbers of compositional elements, such as the optical components 
the electromechanical components, of the recording apparatus 52 and the 
production apparatus 5 described in this document can be one or more than 
one, and the same effects can be obtained. 

It is appropriate that as the compositional elements of the recording 
apparatus 52 and the reproduction apparatus 5, such as an authentication 
sheet loading aperture that is an aperture for loading the authentication 
sheet 500, an authentication sheet loading space that is a space for loading 
the authentication sheet 500, an authentication sheet loading table having a 
function of fixing, loading, holding and ejecting the authentication sheet 500 
are provided. They have an advantage in that it is easy and stable to load 
the authentication sheet 500. There is a compositional element of the 
recording apparatus 52 and the reproduction apparatus 5 such as a 

logic/control circuit. 

The logic/control circuit is a circuit having functions of operating 
digital signals and operating activation of an active devices such as the fight 
source, the beam radiation system, the photodetector. the liquid crystal 
device, various mechanisms of driving and the like explained in this 
specification. 

The recording apparatus 52 and the reproduction apparatus 5 shown 
in this document are just typical embodiments in the present invention, and 
by changing position of the compositional elements, combining the 
embodiments or mixing the embodiments, the same advantages can be 
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multiple recording layers 42, diffraction grating layers for recording data 43, 
core layers 2, cladding layers 3, diffraction grating layers 4, gap layers 44, 
protection layers and the like are provided. 

The same effects can be obtained even when multiple recording 
layers and/or diffraction grating layers for recording data 43. For example, 
when the position of the recording mark 45 is shifted a little and formed in a 
manner such as the recording layer 42 at the bottom and the second from the 
bottom in Fig. 24, it is possible that only the overlapping portion of both of 
them works as the recording mark 45 practically and there is an advantage 
in that it is possible to form accurately and finely while avoiding limitations 
on the size of the recording mark 45 because of a recording accuracy or a 
resolution of recording of the beam radiation system 102, the electron beam 
radiation system 103 and the like of the recording apparatus 52. 

. It is -appropriate, that all (the second recording-layer 42 from the top 
in the figure) or a portion (the recording layer 42 at the top in the figure) of 
the recording layer 42 has transmittance. 

When multiple recording layers 42 and/or the diffraction grating 
layers for recording data 43 are provided, even if one of the recording layers 
42 includes a recording error, it is possible to record in the other recording 
layer therefore there is an advantage to develop an available percentage. 

There is an advantage in that it is effective because it is possible to 
provide one common authentication sheet 500 (or part of this) available for 
various reproduction optical systems 300 (and reproduction apparatus 5) by 
providing various diffraction grating layers 43 for recorded data in the 
authentication sheet 500 (or part of it) adaptable for multiple reproduction 
optical systems 300 (and reproduction apparatus 5). 

When the multiple diffraction grating layers for recording data 43 
are provided, it is possible to provide multiple correspondence relationship 
between the pattern of the recording mark 45 and the pattern of the 



96 

obtained and they are involved in the ecope of the present invention. 

The authentication sheet means the authentication sheet itself and 
other things to which the authentication sheet is adhered and have a card 
shape, a sticker shape, a plate shape and the like Grrespective of thickness), 
and moreover, the shape is irrespective therefore a square shape, a disc 
shape and so on are included too. 

When the reproduction beam 9 can be recognized by eyes, the 
photodetector 7 cannot be necessary. When the information obtained from 
the reproduction beam 9 is not used electrically, it is possible that, for 
example, a frosted glass can be applied to the photodetector 7 and it is 
possible to obtain the information data by projecting the reproduction beam 9 
on it. 

Moreover, the same effects can be obtained not only when the 
reproduction apparatus is constituted in one body, but ^so constituted in two. 
or more bodies by separating a portion including the optical head 6 and a 
portion including the photodetector 7. 

When the pattern of the recording mark 45 recorded on the recording 
layer 42 is same, it is possible to reproduce the different information data by 
forming different data on the diffraction grating layer for recording data 43. 

Therefore, it is possible to improve the security because it becomes 
difficult to find a correspondence between a visually recognized pattern of the 
information data of the recording mark 42 and the reproduced informatxon 
data. There is an advantage in that it is possible to record and reproduce 
various information in accordance with combinations of the data formed on 
the diffraction grating layer for recording data 43 and the pattern of the 
recording mark 45 recorded on the recording layer 42. 
<an embodiment of an authentication sheet (an example of an application 
field of the thirteenth embodiment ("An example of an application field 
applying the present invention"))> 
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This technology works as an authentication sheet independently or 
works when it is adhered to other thins, for example, fields like a memory (a 
memory/medium for distrihuting contents), a key (examples: a home/room 
key, an access key for a PC and so on, and the like), a guarantee sticker, a 
credit card, a passport, paper money, a driving license, an insurance card, a 
member card, a sticker for packing, a tag, an admission ticket, a consultation 
ticket, an ID card, a personal key, a gift ticket, a business soft ware, a 
certification sticker, a package sticker, a prepaid card, a game card, a trading 
card, an amusement software, a commemorative stamp, a greeting card, a 
production tool, an anti-counterfeit sticker, a copyright protection sticker, a 
sticker for proving an original manufacturer's product and the like can be 
suggested. 

In Fig- 42, an embodiment of a state is shown in which the 
authentication sheet 500 is adhered to a .card and/or a- sticker ("card ir is 
applied to a general term) as shown in Fig. 7 and is inserted into the 
reproduction apparatus 5. For example, when this card 11 is a key, the 
reproduction apparatus 5 has a role of a card reader (or a portion of the card 
reader) set at an entrance of a home/room. 

Similarly in other application fields, an image of usage can be obtained such 
that the authentication sheet 500 is used independently or is used by 
adhering to a card (used as a general term) and the reproduction apparatus 5 
is used as a card reader or a potion of it. It is appropriate that the 
reproduction apparatus 5 provides a card entrance if necessary (same for all 
embodiments). 

As described above, it is shown that, in accordance with the present 
invention, it is possible to record and reproduce the information data with 
respect to each of the authentication sheet easily. 

It can be appropriate that a program for implementing the functions 
of recording/reproducing of the above described recording apparatus and 



reproduction apparatus is recorded in a computer readable storage medium, 
the computer system reads the program recorded in the storage medium and 
operates recording/reproducing by executing it. 
"Computer system" here includes the OS and the hardware such as 
peripheral equipments. "Computer system" includes WWW system having a 
homepage provision environment (or display environment). "Computer 
readable medium" is a portable medium such as a flexible disc a 
m agneto optical disc, a ROM. a CD ROM and the like, or a storage apparatus 
such as a hard disc installed in the computer system. Moreover, "computer 
readable medium" includes such as a volatile memory inside the computer 
systems used for a server or a client to which the programs are transmitted 
via network like internet or a communication line like a telephone line, whxch 
saves the programs for a certain time period. 

The program above can be transmitted from the computer storing 
this program in the storage apparatus or the like via a transmission medxum 
or via transmission waves in the transmission medium to another computer 
By stem. 

"Transmission medium" transmitting the program is a medium such 
as a network (communication network) like internet or a communication Hue 
(line) like a telephone line that has a function to transmit information. It 
can be appropriate that the above program can be a program for reahzmg a 
part of above described functions. 

Moreover, it can be appropriate that the program is so called a 
difference file (difference program) which realizes the above functions by 
being combined with a program already stored in the computer. 
<A fourteenth embodiments 

Hereafter, referring to figures, a laminated holographic memory 
system constituted from a laminated holographic medium and a reproduce 
apparatus in accordance with the fourteenth embodiment. A descrxptxon 
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below is common in the fourteenth-seventeenth embodiments. 

Fig. 45 is a figure showing an example of a medium 1 which is the 
laminated holographic medium. The medium 1 is composed of two core 
layers 2; 3 cladding layers 3 set so as to bind the core layers 2; and a gap 
layer It provides a diffraction grating layer 4 which is set at a boundary 
between one of the core layers 2 and the cladding layers 3 binding this core 
" layer 2 or is set inside the core layer 2, stores information data in a bumpy 
form or as a refractive index distribution; and a diffraction grating layer for 
recording data 43 which is set at a boundary between another core layer 2 
and the cladding layers 3 binding this core layer 2 or is set inside the core 
layer 2 

It provide a recording layer 42 to which information, that xs the 
above described ID data, is recorded as a presence and a position of a 
recording mark 45.with.or without transmittals of -the light, is set at the 
above described another core layer 2 having the gap layer 44 between them 

It is appropriate that this diffraction grating layer for recording data 
43 is provided on the above described another core layer 2. 

Fig. 46 is a figure showing the above described laminated 
holographic memory system constituted from a reproduction apparatus 5 
reading information recorded in a medium 1 and the medium 1. In thxs 
figure, the reproduction apparatus 5 is constituted from an optical head 6, a 
photodetector 7, an aperture mask 10 and a reproduction optical system 12. 
The optical head 6 can be, for example, various laser light source and has a 
function of radiating incident light 8 into the desired core layer 2 of the 
medium 1. 

For example, the photodetector 7 can be two dimensional 
photodetector like a CCD, a CMOS and so on, one dimensional photodetector 
such as a line sensor, a photodiode and has a function of detecting a 
xeproduction beam outgoing from the medium 1 after radiating the incident 
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light from the optical head 6 into the medium 1. 

The aperture mask 10 is provided on the way of an optical path of 
the reproduction heam 9 outgoing from the medium 1 before it is accepted by 
the photodetector 7, and separates and reproduces the reproduction beam 9 
outgoing from each diffraction grating layer 4 if the multiplex information is 
recorded on the diffraction grating layers 4. 

Using the aperture mask 10, it is possible to reproduce the 
information data of multiple screens of the photodetector 7 from one 
diffraction grating layer 4, therefore, it is possible to increase the storage 
capacity of the medium 1 without a limitation in accordance with a number of 
pixels of the photodetector 7. For such aperture mask 10, there are aperture 
masks such that it can electrically change the position of an aperture 11 by 
using the liquid crystal device, or it has a fixed aperture 11 and the aperture 
mask 10 is. shifted on a plane by using a shifting apparatus. and the like. 

The reproduction optical system 12 has a function of forming an 
image of the reproduction beam 9 outgoing from the medium 1 on the 
photodetector 7. It is possible to construct the reproduction optical system 
12 from, for example, various optical parts such as a lens, a prism, a half 
mirror, a (polarized) beam splitter, a mirror, a polarizer, a liquid crystal 
device and the like and combinations of them. 

Hereafter, a reproduction step is explained. Upon emitting the 
incident light 8 to the desired core layer 2 of the medium 1 by the optical 
head 6, the light is diffracted in accordance with the information recorded in 
the diffractive grating layer 4, a reproduction light 9goes out on a top surface 
of the medium 1, and the reproduction beam is detected by the photodetector 
7 via the aperture mask 10 and the reproduction optical system 12. In 
accordance with such steps, it is possible to reproduce the information 
recorded in the medium 1. In Fig. 46, a size of the aperture 11 of the 
aperture mask 10 is larger than an area of all the recording marks 45 
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therefore all of the reproduction bfram 9 go through the aperture mask 10. 

The medium 1 provides a recording layer 42 to which information, 
that is the above described ID data, is recorded and it is possible to read the 
ID data of each medium by radiating the incident light 8 into the diffraction 
grating layer for recording data 43. 

Fig. 47 is a figure showing a reproduction image on the 
photodetector 7 based on the reproduction beam 9 from the diffraction 
grating layer for recording data 43. Each brightness/darkness on the 
photodetector 7 is called cell 49, aid an ID data reproduction image 50 
indicating the ID data of each medium is constituted from a set of cells 49. 

Fig. 48 is a figure ehowin'g a side face of a reproduction apparatus 5a 
providing an aperture gap portion! 19 that is an aperture gap dividing the 
apertures 11 of the aperture mask| 10. In Fig. 48, same symbols are applied 
..toportons ^responding to portions of Fig. 46 and the explanation is 

omitted. , 

Fig. 49 shows a figure of the aperture mask 10 and the recording 
layer 42 that are seen from a side |of the photodetector 7 while overlapping 
them. In Fig. 49, a portion of thej recording marks 45 are shaded by the 
aperture gap portion 19 of the apejrtures 11 of the aperture mask 10. 

Therefore, upon reproducing, there is a problem that the 
reproduction beam 9 is shaded anil the ID data reproduction image 50 is 
formed on the photodetector 7 eve'n though a portion of the reproduction 
beam 9 is shaded as shown in Fig] 50. With respect to an object of solving 
this problem, the medium 1 constituted so as to form the ID data 
reproduction image 50 accurately '[is explained hereafter. 

The medium 1 shown in Fig- 51-53 below is related to that of the 

fourteenth embodiment. j 

Fig. 51 is a side face shoeing a reproduction apparatus 5b which 
reads information recorded in the (medium 1 of the fourteenth embodiment 
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and the currently proposed medium 1. 

The medium 1 of the fourteenth embodiment is characterized by 
having one-to-one correspondence" between the presence and the position of 
the recording mark 45 on the medium and the presence and the position of 
brightness/darkness of the light on the photodetector; and providing the 
recording mark 45 bo as to avoid overlapping on the aperture gap portion of 
the aperture mask in the reproduction apparatus 5b. 

In Fig. 51, same symbols are applied to portions corresponding to 
portions of Fig. 48 and their explanations are omitted. In the medium 1, a 
recording mark group 46 means aJ set of the recording marks 45. A 
recording mark group size of the recording mark group 46 is set to be same as 
or smaller than an aperture size cif the aperture 11 and the recording mark 
group 46 is designed so as not to oe directly under the aperture gap portion 
19. therefore, the reproductionbejun 9 is not shaded by the aperture gap- - 
portion 19 and it is possible to forjn on the photodetector 7 without a loss. 

Fig. 52 is a top view of the recording layer 42 and the aperture mask 
10 seen from the photodetector 7. In this figure, the aperture mask 10 has 
four apertures 11. Thirty six recording marks 45 are provided as one 
recording mark group 46 on the recording layer 42 so as to set directly under 

one aperture 11. j 

A number of the recording marks constituting the recording mark 
group 46 differs in accordance with a size of the aperture 11 and/or a size of 
the recording mark 45, however, it is possible to avoid shading the 
reproduction beam 9 because of thje aperture gap portion 19 by designing in a 
manner such that the aperture gap portion 19 i 8 not overlapped. When the 
number of the aperture 11 is one ind the aperture 11 is shifted by the 
shifting apparatus or the like, it iJ possible to avoid shading the reproduction 
beam 9 because of the aperture gap portion 19 if the size of the aperture gap 
portion 19 is known beforehand. 
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Fig. 53 is a figure showing the ID data reproduction image formed on 
the photodetector 7, and the brightness/darkness of the light is formed while 
corresponding to the recording mark 45 in one-to-one relationship without 
being shaded by the aperture gap portion 19. 

The ID data reproduction image 50 is divided into four parts, 
however, it is possible to combine the ID data reproduction image 50 on the 
photodetector 7 into one image shown in Fig. 47 and to recognize it as one ID 
by using, for example, an image processing technology. 

Upon combining into one image, instead of using the image 
processing technology, it is possible to form the diffraction grating layer for 
recording data 43 so as to form one image shown in Fig. 47 and, in this case, 
there is an advantage because it is possible to reduce time and processing 
load for combining. 
. <A fifteenth.embodiment> - ~ ' 

A medium 1 of this embodiment is explained in reference to Fig. 54 and 55. 
When a label or the like is designed on a portion where the presence and the 
position of the recording mark 45 on the recording layer 42 are corresponding 
to the shading portion above, the medium 1 of this embodiment is 
characterized by setting the recording mark appropriately at an 
inconspicuous portion on the recording layer 42 in order not to disturb the 

designed position. 

Fig. 54 is a figure showing a case of setting the recording mark 46 at 
four corners in order to make the recording mark group 46 inconspicuous. 

In this case, when the recording mark size is approximately a square 
with 0.1 mm edges and one hundred recording marks constitute one 
recording mark group 46, there are recording mark groups 46 that are 
approximately a square with 1 mm edges at four corners of the recording 
mark 42. Then, it depends on a size of the medium 1 however it is possible 
to design on a center of the medium 1 without disturbing the design almost at 
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all. 

Technically, it is easy to form the recording mark 45 that is a square 
having 0.1 mm edges and the recording mark group 46 that is a square 
having 1 mm edges on the recording layer. 

When the reproduction beam 9 in this figure is formed on the 
photodetector 7, it is posaible to form the ID data reproduction image 50 
shown in Fig. 47 on the photodetector 7 by designing the diffraction grating 
layer for recording data 43. Then, the recording mark groups A, B, C in Fig. 
54 correspond to A'. B*. C in Fig. 47 respectively. 

A dividing number of the recording mark group 46 can be set to be 
from 1 to a number of all the recording marks regardless of a total number of 
the recording marks. A color of the recording layer 42 before forming the 
recording mark 45 can be any colore if it absorbs the light. It is appropriate 
that.the recording mark 45 on the recording layer is constructed to be a 
portion of a design upon setting it. 

Fig. 55 is a figure showing a case in which the recording mark 45 is 
set in a design frame 51 for containing a design on the recording layer 42. A 
material applied to the recording layer 42 can be any colors if it does not 
transmit the reproduction beam and absorbs the laser upon recording, 
therefore, it does not disturb the design because it is possible to use as a 
portion of the design by changing the color of the recording layer 42 at the 
design frame 51 to a desired color. 

When the reproduction beam 9 in this figure is formed on the 
photodetector 7, it is possible to form the ID data reproduction image 50 
shown in Fig. 47 on the photodetector 7 by designing the diffraction grating 
layer for recording data 43. In this case, the recording marks A, B, C in Fig. 
55 correspond to A', B\ C in Fig. 47 respectively. 

As described above, it is possible to obtain the ID data reproduction 
image 50 shown in Fig. 47 by combining after reproducing in accordance with 
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the image processing technology. 
<A sixteenth embodiments 

Referring to Fig. 56 60, the medium 1 of this embodiment is 
explained. The medium 1 of this embodiment operates a conversion on ID 
data constituted from a presence of brightness/darkness and a position of a 
predetermined reproduction beam in accordance with a predetermined 
regulation. 

It is characterized by providing a recording mark 45 on a recording 
layer 42 based on the converted ID data. As the predetermined regulation, 
for example, there are regulations such as inverting upside down or right and 
left like a surface of a mirror, inverting the presence of the recording mark 45 
or shifting a predetermined distance upward/downward. 

Fig. 56 is a figure showing the ID data reproduction image 50 formed 
on the photodetector 7. In Fig. 56, l'-l6' are cell numbers of the ID data 
reproduction image 50. 

Fig. 67 is a top view of the recording layer 42 shown from the 
photodetector 7 when the recording mark 45 is provided, with respect to the 
presence of brightness/darkness and the position of the light of the ID data 
reproduction image 50 in Fig. 56, at a position inverted upside down like a 
surface of a mirror based on a central axis along with X. 1- 16 in this figure 
that are the recording marks 46 are formed corresponding to the positions of 
l'-16' of the ID data reproduction image 50 because of the diffraction grating 
layer for recording data 43. 

Fig. 58 is a top view of the recording layer 42 shown from the 
photodetector 7 when the recording mark 45 is provided, with respect to the 
presence of brightness/darkness and the position of the light of the ID data 
reproduction image 50 in Fig. 56, at a position inverted right and left like a 
surface of a mirror based on a central axis along with Y. 1-16 in this figure 
that are the recording marks 45 are formed at corresponding positions of 
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1--16' of the ID data reproduction image 50 because of the diffraction grating 
layer for recording data 43. 

Fig. 59 is a figure on the recording layer 42 shown from the 
photodetector 7 when the recording mark 45 is set by inverting the presence 
of brightness/darkness in Fig. 56. In this case, there is a mark for a 
recording mark corresponding to a cell No. 1 and there is not a mark for a 
recording mark corresponding to a cell No. 2. 

When there is no recording mark 45 in the recording layer 42, the 
reproduction beam 9 is not transmitted, therefore, there is not the ID data 
reproduction image 50 formed on the photodetector 7 and it is not possible to 
obtain the ID data reproduction image 50 generated by inverting the 
recording mark 45. However, it is already known that it is not possible to 
invert the ID data only when there is no recording mark 45, therefore, it is 
possible to detect without contradiction by-providing-a especial operation-if 
the reproduction beam 9 is not transmitted. 

Fig. 60 is a figure for an explanation of a case in which the recording 
mark is provided at a position that is obtained by shifting the presence of 
brightness/darkness and the position of the light of the ID data reproduction 
image 50 in Fig. 56 upward/downward for a predetermined distance. The 
recording mark is provided so as that a cell No. N on Fig. 56 corresponds to 
the Ntn-th recording mark on the recording layer 42 in Fig. 60. 

In a regulation of shifting, N is from 1 to a total number of all 
recording markg. n is from 1 to N-l. and when N+n reaches to the maximum 
number N™, of a number of the recording mark (No. 16 in this figure), it 
becomes N+n- N ffl ». For example, when n=14, the cell No. 1 of the ID data 
reproduction image corresponds to the recording mark No. 15 and the cell No. 
10 corresponds to the recording mark No. 8. When the cell of N-n reaches at 
1, it becomes N m .x +N-n. While N and n are in the above described range, 
any values follow the above described regulation. 
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<A eeventeentli embodiment 

Referring to Fig. 61-63, a medium 1 of this embodiment is explained. 
The medium 1 of this embodiment includes a portion in which a presence and 
a position of a recording mark on a recording layer 42 correspond to a 
presence of brightness/darkness and a position of the light on a photodetector 
7 with a relationship of one-to-many, many-to-one or many-to-many, and is 
characterized by providing the recording mark so as that the presence of 
brightness/darkness and the position of the light on the photodetector 7 does 
not match to the presence and the position of the recording mark on the 
recording layer 42 necessarily therefore it is difficult to be recognized by eyes. 

Fig. 61 is a figure showing the ID data reproduction image 50 on the 
photodetector 7. On the other hand, Fig- 62 is a figure showing an example 
of an arrangement of the recording mark 45 on the recording layer 42. In 
. Fig.-61.and 62, with respect to a square portion enclosedbya square, the 

presence of brightness/darkness and the position of the light on the 
photodetector 7 correspond to the presence and the position of the recording 
mark 45 with one-to-one relationship. 

Other than the square portion, "X" that is the recording mark 45 in 
Fig. 62 corresponds to the brightness/darkness of all the cells in areas A, B, C, 
D in Fig. 61 with a relationship of one-to-many, therefore, it is very difficult 
to realize the ID data reproduction image of Fig. 61 by seeing the recording 

mark 45 in Fig. 62. 

Fig. 63 is a figure showing another example of an arrangement of 
the recording mark 45 on the recording layer 42 in this embodiment. In this 
figure, a square portion enclosed by a square corresponds to the presence of 
brightness/darkness and the position of the light of the ID data reproduction 
image 50 in Fig. 61 with one-to-one relationship. Areas A' and B' correspond 
to areas A and B in Fig. 61 with one-to-one relationship. 

However, an area C* corresponds to an area C in Fig. 61 with 
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many-to-many relationship, and an area D' corresponds to an area D in Fig. 
61 with one-to-many relationship. 

An concrete example of this embodiment can be suggested in a case 
in which, for example, the ID data reproduction image 50 in this figure 
follows the existing and regulated two dimensional code (for example. QR 
code (registered trademark), MaxiCode, VeriCode (registered trademark), 
DataMatrixCode, AztecCode and the like). In the regulated two dimensional 
code, there are portions of the cell defined in each regulation such as a 
position detection pattern. 

The defined cell portions should exist if they have same kind of cords 
and number of cells of the code is same, regardless of information that the 
codes include. Therefore, in order to apply the regulated two dimensional 
code as the ID data reproduction image 50. regardless of the arrangement of 
the recording marks, it is necessary to designthe diffraction grating layer for 
recording data 43 so as to correspond to the defined cell portion. 

In the fourteenth-seventeenth embodiments above, it is possible to 
set the correspondence relationship between the presence and the position of 
the recording mark 45 and the presence and the position of 
brightness/darknesa of the light on the photodetector 7, as shown in the 
sixteenth embodiment, one-to-many, many-to-one or many-to-many. 
<An eighteenth embodiments* 

This embodiment is related to a design method of information data. 
<A design method of information data in the prior art related to the 
eighteenth embodiments 

A method of the prior art is explained below in which, using the 
prior art, above described data for recording on the diffraction grating layer 
for recording data 43 in the media 1 shown in Fig. 51 is formed so as that a 
reproduction beam 9 is formed into an image on the photodetector 7. An 
example of calculation method of a bumpy form on the diffraction grating 
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,ayer for record data 43, that is information data , is shown in Fig. 64. 

In this figure, base image data 34 is data of an image that » des,red 
. he reproduced and reproduction image data 56 is data of image of a 
reproduction result. The incident hgh. 8 comes into a core layer 2 adjacent 
tothedi fi ractiongratinglayerforrecordingdata43..ndisguided. A 

function *M fa. corresponds to holographic data) egresses a wave surface 
of the reproduction beam 9 on the diffraction grating layer for recordrng data 
43 diffracted end dispersed in accordance with the humpy form of the 
diffraction grating layer for recording data 43. 

„ is a function that distributes two-dimensional* on the drfiracnon 
grating layer for recording data 43. and* is a parameter indicates a strength 
1 a Phase of the wave surface function. Similarly, u,(9.) is a wave eurface 
fonerion of an image formed on the photodetector 7. u, ia a functron that 

dietnbntea.two.dimeneionaUy on the photodetector, and9. is * parameter 

indicates a strength and a phase. 

„> applies u, a. a base image (an image desired to be reproduced) 
data 54 Theoretically, in accordance with an »na!ysis of the wave opt.cs, rt 
„ possible to calculate i, in other worde. by operating a surface integral upon 
a product between «, and a tranafer function g on the photodetector 7, that rs 
^-Hu,-g dxdy". With respect to the bumpy form on the diffraction gratrng 
,.,er for recording data 43. if u b is obt^ed. it is possible to form based on t. 
ao aa to make the distribution becauae of the bumpy form on the electron 
grating layer for recording data 43 Uk. 

Conversely, when the reproduction image data 55 <u.) rs calculated 
from the information data (u*>. it is possible by operating the reverse 
calculation Gnveree transformation) of the above described calculate 
(transformation). Here, the transformed and the inverse transformed 
are explained. The information data (us) on the diffraction grating layer for 
KM data 43 obtained by transforming the base image data is expressed 
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ta general es . function spread infinitely on a surface of the diffraction 
grating layer for recording data 43. Therefore, the reproduction image data 
faj is transformed to be same as the base image data by operating the 
surface integral and operating the inverse transformation on the informal 
data W spread infinitely. However, optically (conventionally), the 
diffraction grating layer for recording data 43 is not spread infinrtely. 
therefore, a recorded data area obtained by the traneformation is bnuted 
because of areas such as the medium, the aperture, ,he recording mark and 
the like. 

In such a manner, not as an infinite area, by operating the surface 
in ,egral and the inverse transformation in a hunted and finite area, simdar 
* conventional phenomena, the reproduction image data (mj is calculated 
and produced as a different thing from the base image data. In other 
w „rde.-when an area for the surface integral upon th.inverse transformation 
is Umited to be finite in reference to a real system, it is possible to describe 
tnathematically so as «o repeat or describe the real optical phenomena. The 

inverse trsnsformation (and the transformation) means operating the surface 

integral in a finite area in accordance with a real system below. 

I, is possible to check whether or not us is accurately transformed by 

comparing the reproduction image data after the transformation above and 

base image data. 

<A problem for a information data design method in a prior art related to the 

eighteenth embodiments 

For example, when a sire of the recording mark 46 of the medium 1 
in Fig 61 is smaU. or when interference is caused, with respect to each cell 49. 
among multiple bright spots from the diffraction grating layer for recording 
data 43, no.es and the like are added to the reproduction image data 56 and 
it does not match to the base image data 54, therefore, for example, it is 
difficult to decode the reproduction image data 55. 
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<A information data design method in the eighteenth embodiment 

The information data design method for solving the problem above is 
explained below. A information data design method of the diffraction 
grating layer for recording data of the laminated holographic medium is a 
method in which the information data is holographic data obtained by 
operating a hologram calculation applying the reproduction image data as 
the base image data. In Fig. 65, a operation flow is shown from a point of 
view of one cell white portion 15. Noise and the like 53 is a noise due to a 
light interference and the like. 

First, the base image data Bi{tw>} that is the reproduction image 
data I transformed to the information data h (step R01 in Fig. 65). The 
inverse transformation is operated upon the information data I: and the 
reproduction image data R^uXeO) is obtained (step R02 in Fig. 65). Other 

image data d is image data such that a difference {G(0O*} between 

reproduction image data R'llutOi)'}, which is obtained by combining the 
reproduction image data R t and the image data Ot, and base image data En is 
smaller than a difference {G(0>)> between reproduction image data Ri and 
base image data Bi. Combined image data of the image data 0> and the 
reproduction image data Ri, that is R\(u,(©i)') ie new base image data B ia 

(step R03 in Fig. 65). 

The combining operation above is repeated at least one time (step 
R04 in Fig. 65) so that a difference between reproduction image data Rn and 
the base image data Bv is small enough. Data of information I* before 
operating the inverse transformation upon the reproduction image data 
Rn{u.(0n)} that is finally obtained, can be applied to the information data 
recorded on the diffraction grating layer for recording data 43 0» is a 
parameter showing a strength and a phase of the wave surface function u, or 
the reproduction image data. A difference G(0-) between the reproduction 
image data MB J) and the base image data Bi. and the reproduction image 



data 
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{vu(0m)'} are calculated in accordance with following formulas. 



G(®m) = n c (® J " Uro .. (1) 

u^J-^ + aMWeJ- u^^-eol ... (2) 

-a- in the formula (2) is selected so as to satisfy G(0 J' < GC^Vand 
m is an integer (1, 2, 3. ...) showing a repeating number of the combining 
operation. 

There is other information data design method such ae a case 
including eteps of. obtaining the information data by operating the hologram 
calculation with respect to the base image data that is the reproduction 
image data; applying the image data obtained by reversing the gradation (for 
example, when the image data has 256 gradations (0 265), a gradation value 
nistr.naformad.to 265-n) of the reproduction image data tbatis-obtainedby 
operating a hologram inverse calculation on the information data as the base 
image data; and operating the hologram calculation again in order to obtam 
the information data. There is other information data design method such 
„s a case including step, ot adjusting the reproduction beam outgoing from 
the diffraction grating layer for recording data that constructs the 
reproduction image data, that is. the distance between the bright spots on the 
photodetector. Th. same effects and advantages can be obtained in both 

While preferred embodiments of the invention have been described 
end illustrated above, it should be understood that these are exemplary of the 
invention and are not to be considered as limiting, Additions, omissus, 
eubstitutione. and other modifications can be made without departing from 
the spirit or scope of th. present invention. Accordingly, the invention » not 
to be considered a. being limited by the foregoing description, and ts only 
hmited by the scope of the appended claims. For example, with respect to 



the reproduction steps of the information data in the reproduction apparatus, 
it is appropriate to regulate positions in the medium where the diffraction 
grating layer for recording data and the recording layer are set beforehand by 
establishing a regulation of the medium. For example, it is appropriate that 
the positions can be the furthest point from the photodetector (at the bottom 
layer), or a position apart a predetermined distance from the photodetector. 
It is appropriate that a side of the reproduction apparatus 5 shown in Fig. 16 
and so on recognizes the position above by memorizing. 

It is appropriate that, just after setting the medium 1 into the 
reproduction apparatus 5 shown in Fig- 16 and so on, or just after turning on 
the reproduction apparatus, firstly the optical head 6 is shifted so as to 
radiate the incident light 8 into the core layer 2 adjacent to the diffraction 
grating layer for recording data 43, the recorded information data is 
reproduced, the reproduction image data that-is obtained is decoded by usmg 
a signal processing circuit or a signal processing software, and the 
information recorded in each medium is obtained. It is appropriate that the 
obtained information is stored in a memory and is used if necessary, or that 
the incident light 8 is radiated into the core layer 2 adjacent to the diffraction 
grating layer for recording data 43 again and the information is obtained. 

When the reproduction image data is picked up in reproduction steps, 
the reproduction image is picked up as a whole, partially picked up and 
combined in an image, or picked up per each cell and combined in an image. 
It is appropriate that, to the photodetector 7, the photodetector 7 is fixed or 
shifted along with one or two axis in a surface. It is appropriate that the 
apertures 11 of the aperture mask 10 are fully opened at one time or partially 
opened/closed one by one. 

INDUSTRIAL APPLICABILITY 
It ie possible to record the information data easily to the laminated 
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hol.gr.phic medium of the present invention after it has been produced or 
whileitisbeingproduced. It is possible to reproduce the recorded 
nation data easily by using the reproduction apparatus or in accordance 
with the reproduction method. Moreover, .he recording layer to winch the 
nation data us recorded is mrmed by adhering or the like after recordmg 
.be information data specific to each laminated holographic medium such as 
the identification number, therefore, it is possible to write the informal 
data easily on the recording layer and to increase the freedom of selects, 
■notorial* and processing applied to the recording layer. It is possible » 
record the information data specific » each medium and to manage each 
.nedium, therefore, an effect or an advantage can be obtained such that tt - 
poesib.e to protect the copy right of the contents stored or recorded in the 
me dium from illegal copying or counterfeiting. In accordance with the 
p„aenUnvention,ttiepossibl.torecordAeinformationdata«o«be. 

authentication sheet of the present invention easily upon producing tt by 
^ the production apparatus and the production method of the presen 
invention. It is possible to reproduce the recorded information date eastiy 
by naing the reproduction apparatus or in accordance with the reproduce 
method. 
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